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ABSTRACT 
There is an increasing concern on the use of nitrogen (N) based manure application 
rate for com production and its impact on soil phosphorus (P) buildup and the potential to 
release P to the environment. Therefore a study was conducted to evaluate the effects of 
manure application rate and method of application on soil erosion and P loss with runoff 
water and sediment. Field experiments were conducted using two application rates and two 
methods of manure application. Simulated rainfall was applied to 24 runoff plots to study 
two variables in triplicate. The first variable was application rate: liquid swine manure was 
applied at N recommended rate and twice the rate, and inorganic liquid fertilizer with P level 
that matches the amount of P supplied by manure. The second variable was placement, with 
manure or fertilizer either surface broadcast or incorporated. 
The effect on erosion and runoff volume was determined by monitoring total flow 
and measuring total suspended sediment (TSS) concentration and load in the runoff water. 
Loss of P with runoff was determined by analyzing the runoff water for dissolved P (DP), 
total dissolved P (TDP), total phosphorus (TP), and bioavailable P (BAP). P in soil samples 
taken immediately before rainfall simulation was determined by six agronomic and 
environmental soil tests. 
Average total runoff flow volume was found to be significantly greater for the 
broadcast method of manure application in comparison with the incorporated treatment. 
Average total runoff flow volume was also found to be greater for liquid fertilizer application 
treatment in comparison with manure treatment. TSS concentrations in runoff water and total 
sediment losses were significantly greater for the liquid fertilizer treatment in comparison 
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with manure treatment. Concentrations and total losses of all P forms with runoff water were 
significantly greater for fertilizer treatment in comparison with manure. These losses were 
significantly less when manure or fertilizer was incorporated. BAP concentrations were all 
much higher than DP indicating that in this study DP is not the main form of P causing 
potential eutrophication. The flection of TP that is bioavailable (BAP/TP) was significantly 
lower in manure than fertilizer and for incorporated than broadcast method of application. 
The fraction of BAP immediately available to algae (DP/BAP), however, was significantly 
greater for manure treatment in comparison with fertilizer treatment. 
Soil test for P (STP) by agronomic and environmental tests showed that DP and BAP 
concentrations in runoff water were best predicted by Bray 1-P or BAP in soil. DP and BAP 
total losses with runoff water were well correlated (r > 0.85) with Bray 1-P, BAP in soil, and 
water extractable P in soil. 
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INTRODUCTION 
Animal manure and its management is now considered a central issue that is gaining 
attention worldwide. Before the advent of chemical fertilizers in the I940's, animal manure 
was the primary source of nutrients for agricultural crops. Today, however, it is considered 
as a mixed blessing. On one hand its value has been recognized not only in terms of its 
nutrient content, but also in improving soil structure, infiltration rate, water holding capacity, 
and cation exchange capacity. On the other hand, environmental concerns have raised serious 
questions about the long-term effect of manure application on both soil and water quality. 
This concern has been exacerbated by the shift in today's agriculture towards more intensive 
production as well as the highly concentrated animal production facilities that have resulted 
in a waste disposal problem throughout North America and Europe. It is estimated that 100 
million tons of swine manure is produced in the U.S. with over 20 million tons produced in 
Iowa alone (Jeff Lorimor, personal communication). Land application is still the most 
economically feasible and widely used method of manure utilization. The challenge here is 
how to effectively apply manure for crop utilization while at the same time maintaining 
surface water, ground water, and air quality standards as well as preventing any potential 
contamination to the food chain or the soil (CAST, 1995). 
Manure is usually applied to soils either as solid or as liquid. Solid contents are 
typically less than 10 percent in liquid manure. Liquid manure is becoming the form of 
choice for land application especially in large scale concentrated feeding operations. It has 
the advantage of labor saving, timeliness of application of manure to land, availability of 
equipment to handle large volumes, and greater conservation of nutrients (Ross et al., 1979; 
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Comfort et al., 1987). Liquid manure is usually either spread on the surface of the soil, or 
injected or incorporated into the soil. Direct injection or incorporation avoids odor 
nuisances, conserves ammonia, and has the potential benefit of reduced water quality 
deterioration through surface runoff losses (Comfort et al., 1987; Sutton et al., 1982). The 
possible effects on water quality due to manure application to land are increased nitrate-
nitrogen (NO3-N) levels in surface and groundwater, increased phosphorus (P) 
concentrations in surface and possibly groundwater, and increased counts of bacteria and 
other pathogens in both surface and groundwater. 
Earlier best management practices (BMP) of animal waste were based on providing 
enough nitrogen (N) needed by crops to achieve an optimum yield in order to avoid 
contamination of ground water by NO3-N. This often has resulted in excessive P fertilization 
because the P/N ratio in manure is usually higher than the P/N ratio required by plants. The 
resulting build up of P in surface soils has been associated with increased loss of P with 
runoff water and/or to groundwater and the resultant eutrophication of lakes, rivers, and 
estuaries. P is usually the most limiting nutrient in fresh water systems, and the potential 
impact on eutrophication is enhanced by the low level (10 ppb) of P required to stimulate 
algal growth (CAST, 1992). 
In addition to eutrophication, a number of other issues have emerged from mantire 
application. Because of presence of trace elements, antibiotics, pesticides, and growth 
hormones in wastes, a reevaluation of N-based manure management is needed. However, as 
N is the most limiting nutrient in most of crop production in the U.S., an alternate manure 
management system would not be easy to develop. Basing manure applications on soil test P 
(STP) rather than on crop N requirement would render much of the previously heavily 
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fertilized and/or manured land unavailable to the farmer for application of the manure 
generated on his or her farm. The crop land required for manure application when P limits 
are specified is usually 2.5 to 4 times that required when based on crop N requirements 
(CAST, 1996). The farmer (and the scientific community as well) is faced with a dichotomy 
between disposal of manure and its water quality ramifications as compared to a utilization 
strategy with potentially costly best management practices (BMPs) (Sharpley et al., 1998). 
Long-term application of manure, even at rates not exceeding the N needs of crops, 
results in soil buildup of P (CAST, 1996). Some state regulations are now imposing P limits 
on manure applications, and this is common in Western Europe. The situation in the U.S. is 
not much better; summaries of STP data show that many soils that have been subjected to 
long-term manure and/or fertilizer application have high or excessive levels of P. These 
defined levels are different for different states with the "high" level ranging fi-om >10 to >75 
mg of P kg"' while the "very high" ranges from > 25 to >100 mg kg"'. While soils in most 
states still test medium to low on the average, those that test high are in regions close to 
water bodies such as the Great lakes, Chesapeake, Delaware bays, Lake Okeechobee and the 
Everglades (Sharpley et al., 1998). 
The main factors controlling P movement in surface runoff are transport (runoff and 
erosion) and source factors such as application method, timing, rate of manure or fertilizer, 
and P fertility level in the soil or STP (Eghball, 1999). The over all objective of this study 
was to determine effects of form of P, method, and rate of application on P loss with runoff 
water and soil erosion. A rainfall simulation study was conducted on field plots that 
received two application rates of liquid swine manure or liquid P fertilizer using either 
broadcast or incorporated methods of application. 
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The specific objectives of this study were: 
1. to quantify and compare P loss with runoff water from field plots receiving either liquid 
swine manure, or an equivalent amount of P from inorganic P fertilizer, as a function of 
rate and method of application. 
2. to quantify and compare forms of P in runoff water from the field plots. Comparison were 
to be made with respect to dissolved P (DP), total dissolved P (TDP), total P (TP), 
particulate P (PP), dissolved organic P (DOP), and bioavailable P (BAP). 
3. to determine the relationship and possible correlation between P in the surface soil as 




Effect of Animal Manure on Runoff and Erosion 
Application of manure to agricultural lands could cause loss of sediments and 
nutrients under certain landscapes, contributing to pollution of stirface waters. The amount 
in runoff is influenced by climatic conditions, soil and cropping management, timing, rate, 
and method of manure application (Khaleel et al., 1980). Mitchell and Gunther (1976) 
measured runoff and erosion in the laboratory from small plots that received surface liquid 
swine manure application. The liquid manure caused a stabilizing effect on the soil surface 
resulting in reduction of runoff and erosion rates. The decrease in runoff due to manure 
occurred because the dried crust absorbed rainfall and cracks in the crust allowed water to 
more readily infiltrate the soil surface. Manure reduced the loss of total solids because both 
runoff volume and concentration of total solids in the runoff were less. They attributed lower 
solids concentration to stabilization of the soil surface such that solids were not easily 
detached. Ross et al. (1979) evaluated the effects of injecting liquid dairy manure to a depth 
of 15 or 30 cm into the soil on the quality of runoff from rainfall simulation plots. They 
measured chemical oxygen demand (COD), total kjeldahl nitrogen (TKN), and total solids 
(TS) in the runoff water. Their data showed that injection of liquid manure essentially 
eliminated pollution potential of runoff water compared to surface application of liquid 
manure. They did not find any difference in the quality of surface runoff between the two 
injection depths, and a 1-day delay between surface manure application and rainfall event 
reduced the pollutant concentration by 80 percent as compared to no delay. Injection and an 
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increase in the time of delay between application of manure and rainfall both reduced the 
runoff rate of water. 
Westerman et al. (1983) conducted a laboratory experiment utilizing soil bins to study 
erosion of soil and manure particles under simulated rainfall conditions. Addition of manure 
increased the solids concentration and transport in runoff over the control plots but had no 
significant effect on runoff volume. Manure application rate did not affect total solids or 
runoff volume significantly, but it strongly influenced volatile solids, manure solids, and 
nutrient transport. 
Mueller et al. (1984a) measured, over a two year period, soil and water losses under 
conventional, chisel, and no-till systems for com both with and without surface-applied 
manure prior to tillage. Significantly lower runoff occurred for the conventional and chisel 
systems compared to no-till system immediately af^er planting indicating increased 
infiltration rates in conventional and chisel plow systems relative to no-till; and at later 
sampling periods runoff significantly increased for the conventional system. The chisel plow 
maintained higher infiltration rates in comparison to other tillage methods during all periods. 
Surface spread manure decreased runoff for all tillage treatments with the greatest response 
fi-om the chisel system. Application of manure also reduced soil losses for chisel and no-till 
systems relative to the conventional system. 
Transport of manure constituents is influenced by runoff rate and volume which, in 
turn, is affected by rainfall depth and intensity as well as manure application (Edwards and 
Daniel, 1993). They examined runoff from fescue plots amended with surface-applied swine 
manure using simulated rainfall. Surface broadcast manure application increased runoff 
possibly due to surface sealing of the soil by fine manure particles. 
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Edwards and Daniel (1994) compared the effect of inorganic fertilizer and manure on 
runoff quality. Their rainfall simulation study showed no difference in runoff volume 
between different sources of fertilizer and manure when rainfall was applied a week after 
surface application of manure or fertilizer. Similarly Nichols et al. (1994) found no 
significant difference in runoff volumes due to incorporation of litter or fertilizer or due to 
source of fertilizer. 
Gilley and Eghball (1998) studied the effect of a single application of manure, 
compost, or fertilizer on runoff and erosion under no-till and tilled conditions. N or P-based 
manure or compost application resulted in similar rates of runoff and erosion as in the 
untreated check treatment for both no-till and disked systems. Tillage by disking to a depth 
of 8 cm however, increased erosion regardless of application of manure, compost, fertilizer, 
or no treatment. 
P Background Levels in the Environment 
P is ubiquitous in nature and essential for animal and plant life. Concentrations in 
natural systems are never zero, values depend on the productivity of the system in terms of 
nutrient export. The amount of P that is exported from a system of low productivity, such as 
a native forest, into streams and lakes is not significant in terms of its effect on the fertility of 
the land, but could be significant in terms of water quality (Taylor and Kilmer, 1980). For 
example, a storm event that results in water flow (surface and subsurface) equal to 10 cm 
needs to dissolve only 30 g of P/ha to give a P concentration of 0.03 mg L"'. This loss has no 
effect on soil fertility but would raise the P concentration of water draining to a lake to near 
eutrophication levels. 
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P concentrations of 0.01 to 0.05 mg L"' were found in water samples taken from 
streams draining agricultural watersheds on sandstone and shale rock in central and west 
Kentucky (Thomas et al., 1974); whereas levels ranging from 0.3 to 0.35 mg L*' were found 
in streams draining areas of high phosphate limestone rock. In Boone Coimty, Iowa, Baker et 
al. (1975) found in subsurface drainage water DP concentrations below 0.038 mg L"' and TP 
concentrations which included organic and possibly sorbed P of 0.182 mg L"'. The general 
indications are that, except where water moves through a rock of naturally high P content or 
contains leachate from decaying organic matter, concentrations may be expected to be below 
0.05 mg L"' (Taylor and Kilmer, 1980). 
The amount of P carried by surface runoff varies with topography, soil fertility, and 
vegetation. Snowmelt runoff is an important mechanism of carrying P; rates of P loss of 0.6 
kg/ha/year are common and values above the critical limit of 0,01 mg L*' in solution are not 
uncommon. Total P (TP) carried by sediments is much larger than that in solution. Data 
from Iowa showed that the ratio total P/solution P can exceed 200 to 400 when large amounts 
of sediment are present. Because most of total P is insoluble, no more than 3-5% of this is in 
labile form readily exchangeable with the dissolved P. It could, therefore, be concluded that 
the background levels of P in the environment are close to the levels regarded as limits for 
eutrophication. 
Phosphorus in Animal Manure 
Chemical composition of manure depends on species of animal, animal breed and 
age, and feed composition. Changes in composition also occur as a result of handling, 
storage, and biological transformation. The average nutrient value of fresh swine manure on 
a wet basis is approximately 0.6 % N, 0.2 % P, and 0.3 % K (CAST, 1995). Most P in 
9 
animal manure is bound to insoluble compounds or associated with suspended or sludge 
solids. Inorganic forms are the soluble orthophosphates and the insoluble compounds of Ca 
and Mg phosphates. The forms of organic P are not well defined (Sommers and Sutton, 
1980) and consist mainly of inositol phosphates, nucleic acids and their degradation products, 
and phospholipids. Manure may also contain simple organic acids that would inhibit P 
fixation by soil minerals. Ogaard (1996) reported a reduction in P fixation with increasing 
manure additions and with increasing P content of the soil. P added with manure was 
adsorbed to a lesser degree on the soil than that from inorganic fertilizer. 
The majority of P in most cereal grains, including coin, is organically bound as 
phytate. In this form, P is poorly available to nonruminants because they lack the enzyme 
phytase. Usually inorganic P sources are added to swine diets which results in an increase of 
65-75% of P excreted in manure. Agricultural biotechnology companies are currently 
promoting crops that have low phytate to use as feed and adding the enzyme phytase as feed 
supplement. This should lower the amount of P excreted by nonruminant animals. 
Forms of Phosphonis in Soil and Water 
P occurs naturally in soils at levels between 200-5000 mg kg"', roughly half of the N 
content and 1/20 of the K content of soils; the exact value depends on parent material, 
texture, and management. P in soils can be grouped according to availability to plants. Of 
the total P (TP) in soil, 50-90% is inorganic and most of it is unavailable to plants, only a 
small fiction occurs in water-soluble forms at any one time. 
Soil phosphorus exists in the following forms: 
(1) stable inorganic P compounds; these are characterized by low solubility, such as 
aluminum (Al), calcium (Ca), or iron (Fe) phosphates and range from the moderately 
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insoluble compounds such as hydroxyapatite to the highly insoluble fluoroapatite 
(Calcium phosphates with OH and F ions, respectively); they also include the P strongly 
adsorbed and /or occluded by hydrous oxides of Fe and A1 as well as the P fixed by 
silicate minerals. 
(2) soil solution P : this is the form utilized by plants, largely as the primary and secondary 
orthophosphate anions H2PO4' and HPO4'', that are predominant in acidic soils and basic 
soils, respectively. P concentrations in soil solution that are critical to plant growth are 
normally between 0.2 and 0.3 mg L*', while surface water concentration of 0.01 mg L •' is 
considered the critical value above which eutrophication is accelerated (Daniel et al., 
1998). Soil solution concentrations of P in heavily fertilized or manured soil are in the 
range of 0.01 to 1 mg/L. This consists of soluble inorganic (or dissolved inorganic P, 
DP; also termed ortho-P) and soluble organic (dissolved organic P, DOP which includes 
polyphosphates and hydrolyzable phosphates) compounds in the soil solution. DP is the 
form of P that is considered to be immediately available to algae and contributes directly 
to eutrophication of lakes and streams. It is the ortho-P determined on a filtered water 
sample. Total dissolved P (TDP) is the sum of DP and DOP. 
(3) labile inorganic P which is weakly adsorbed inorganic P; and labile organic P compounds 
which originate from easily mineralizable organic compounds such as 
glycerophosphates, phosphosugars, phospholipids, and nucleic acids. 
(4) stable organic P which originate from plant and animal decomposition and include P 
compounds that are part of humic and fiilvic acids. 
Two other forms of P are relevant to erosion and water quality research. Particulate P 
(PP) is the inorganic and organic P associated with or bound to eroded sediments. It is 
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normally calculated as the difference (TP- TDP). Bioavailable P (BAP) is the dissolved 
orthophosphate and a portion of the particulate P that is algal-available. 
Another form of P termed the molybdate-reactive P (MRP) is frequently used in the 
literature. It includes the dissolved orthophosphate and acid extractable PP. MRP is thus the 
ortho-P determined on an unfiltered water sample. DP is also referred to in the literature as 
DRP, dissolved reactive P, and is the ortho-P determined on filtered water samples. Note 
that all analytical techniques for determining any P form are based on converting that 
particular form to the ortho form and subsequent colorimetric determination of P. 
Effect of Fertilizer and Manure Application on P Loss in Runoff 
Several studies have demonstrated that nutrient losses in runoff from manure treated 
fields are sensitive to the interval between manure application and first runoff event, form of 
manure, rate and method of application, rainfall intensity, and additional soil and 
groundcover factors that affect these losses (Wang et al., 1996). Edwards and Daniel (1992) 
reported an increase in the concentration of TP and DP in runoff water from grassed plots 
with increasing the rate of application of poultry slurry, and a decrease in DP concentration 
with the increase in simulated rainfall intensity. In a comparable study using liquid swine 
manure, DP and TP concentrations and mass losses increased linearly with application rate. 
Runoff concentrations decreased with increasing rainfall intensity but their mass losses were 
unaffected (Edwards and Daniel, 1993). In these experiments DP accounted for more than 
80 % of TP due to entrapment of sediments by the grass. Most of P lost in runoff from bare 
fields, however, is attached to sediments as particulate P (PP) and, therefore, controlling 
erosion should reduce total P (TP) loss in runoff and presumably, TP inputs to surface water 
(Mueller, 1984b). Conservation tillage is an effective BMP to reduce erosion and TP losses. 
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but other studies have also shown that soluble P (DP or DRP) concentrations and losses may 
be greater with conservation tillage (Barisas et al., 1978; Mueller et al., 1984b; Eghball et al., 
1999). These studies conclude that higher concentrations of soluble P were due to lack of 
incorporation of fertilizer P and to a release of P from unincorporated crop residues. 
Barisas et al. (1978) found that surface applications of fertilizer P may also increase 
concentrations of available P on eroded sediments. This tended to compensate for the lower 
soil losses from conservation tillage and resulted in sediment P losses that were similar 
among tillage systems. Baker and Laflen (1982) reported increases of dissolved P by a factor 
of 4 to 7 due to surface application of fertilizer P whereas injection to depth of S cm caused 
losses in dissolved and sediment available P that are similar to the control plots. Similar 
results were observed by Mueller et al. (1984b) who demonstrated that chisel plowing of 
surface-applied dairy manure reduced TP losses primarily by reducing runoff. 
Gupta et al. (1997) investigated the effects of tillage practices on the quality of 
surface runoff water resulting from the surface application of liquid swine manure to no-till 
(and no surface residue) or disk-tilled (15 cm depth) plots. TP concentration in runoff 
generated one day after manure application was lower from disk-tilled than from no-till plots. 
Ginting et al. (1998) evaluated the effects of application of solid beef manure on DP, 
TP, and PP concentrations and mass losses in snowmelt and rainfall runoff under ridge tillage 
(RT) and moldboard plow (MP) systems. The annual PP and TP losses from snowmeh 
runoff were either similar or lower from the manure than no-manure-treated plots; lower 
values were due to lower sediment loss in runoff from manure plots. PP losses by rainfall 
runoff were lower from the RT vs. MP systems. In contrast the DP losses in snowmelt were 
higher in the RT than MP system. 
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More recently Eghball and Gilley (1999) determined the effect of simulated rainfall 
on runoff losses of P following application of compost, beef cattle manure, or fertilizer to 
no-till fields that had sorghum or wheat residues. Runoff concentrations of DP and BAP 
were significantly greater when the soil was not disked after application. TP and PP 
concentrations in runoff were less for the no-till than the disked condition. They concluded 
that P fertilizer or manure application to no-till soil without incorporation can lead to high 
concentrations of P with negative environmental impact. 
Phosphorus Tests for Environmental Evaluation 
Routine P tests have been used for more than a century that take into consideration 
the form and the availability to plants. These include Bray PI, double acid or Mehlich-3 test, 
and bicarbonate or Olsen P tests. Bray PI utilizes dilute concentrations of HCl and NHjF 
(pH 2-3) to extract the "available P" (Bray and Kurtz, 1945). Olsen uses a buffered 
NaHCOs solution (pH 8.5) as an extractant (Olsen et al., 1954). The Mehlich-3 P test 
extracts the soil with a mixture of CH3COOH, NH4NO3, NH4F, HNO3, and EDTA (Mehlich, 
1984). P determined by these methods measures a static pool of "available P", with the pool 
defined by the extraction procedure. These methods were developed to assess the fertility 
status of soil for crop production and not to predict water quality of either land drainage or 
runoff water. 
Developing a new soil test or adapting these soil tests to determine the potential of P 
loss through runoff has become an intensive area of research. The newly proposed tests or 
adaptations include extraction of runoff sediment with 0.1 N NaOH, which is closely related 
to algal uptake. Other tests that show promise are: 
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1) P saturation (Breeuwsma, 1995) defined by: DPS= (Poj/PSC)xlOO% ; where DPS is the 
degree of phosphate saturation (%), Pox is sorbed P extractable by oxalate (mg/kg), and 
PSC is the phosphate sorption capacity (mg/kg). This approach has been used in the 
Netherlands where P saturation of 25 % has been established as the threshold value above 
which P loss to ground water and surface water becomes unacceptable. 
2) Iron oxide-coated strip method: Experiments have shown that P reacting with iron oxide 
coated filter paper closely approximates P actually available to growing algae. Sharpley 
termed this the "Bioavailable Phosphorus", BAP (Sharpley, 1993). It includes dissolved 
P in the runoff water that is reactive, i.e dissolved reactive phosphorus (DRP or DP), as 
well as part of the particulate form (PP) or sediment bound which is available. It is 
hypothesized that this method may give the best estimate of BAP, and hence the best 
indicator of the potential for accelerated eutrophication. 
3) Distilled Water: It should extract the portion of P that will readily dissolve in runoff 
water. 
Recently Pote et al, (1996) investigated which soil test P (STP) extraction method 
would best predict dissolved reactive P (DRP) and bioavailable P (BAP) concentrations in 
runoff water. Soil samples were taken from the 0 to 2 cm depth of 54 grass plots on a silt 
loam soil that regularly received poultry manure, resulting in high STP. Simulated rainfall 
was applied to these plots and runoff samples were taken at 5-min intervals. Extractable P in 
soil samples was determined using six different methods: Bray, Olsen, Mehlich 3, iron oxide 
impregnated filter paper, distilled water, and ammonium oxalate. They found a linear 
relationship between STP levels and DP or BAP concentration in runoff water regardless of 
the STP method. The best correlation of STP to runoff P concentration occurs when the STP 
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was extracted with distilled water, acidified ammonium oxalate, or iron oxide paper strips. 
The DPS of the soil was significantly related to DP and BAP concentration in runoff. It 
predicted the runoff concentration of P for all three soils used in their study. Correlation of 
STP with DP load and BAP load were not useful, however, possibly because runoff volimies 
were highly variable. For example, they had soils of 18 and 68 mg kg"' STP which both 
support a DP load of 0.2 kg ha'' even though the DP concentration was higher with the 
elevated soil test P. Thus STP would not be useful to determine manure applications unless 
more accurate predictions of runoff volumes is made. 
P loss from agricultural fields through runoff is most intense in areas with long-term 
manure and/or fertilizer management history. Control measures that decrease soil loss also 
decrease TP and PP loss, but DP is more difficult to reduce, and control measures are limited 
to preventing soil-P buildup (Sharpley, 1995). Several states have identified P threshold 
levels in the soil beyond which P in runoff will be conducive to eutrophication. Most of these 
levels fall within the range of 75-200 mg kg"' STP. However controversy surrounds the 
validation of establishing critical limits of P in the soil since there is no accurate STP that is 
indicative of P loss through runoff. Several management factors influence the relationship 
between DP in runoff and STP, and thus no single relationship can hold for different soils 
and under different management practices. Sharpley (1995) investigated the dependence of P 
loss in runoff on soil P for 10 Oklahoma soils by incubating for 7 days soils that were mixed 
with poultry litter to achieve a range of Mehlich-P content in the soils. He concluded that 
the relationships were soil specific. A single relationship, however, described the 
dependence of DP and BAP load on soil sorption P saturation (DPS). 
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MATERIALS AND METHODS 
Site Characteristics 
The study was conducted in late July, 1999 at a field site about five miles west of 
Ames, Iowa. The field was fallow at the time and was planted soybeans in 1998 and com in 
1997 and was in sod the previous two years. No P fertilizer or manure had been applied for 
the last four years. The surface soil was originally described as Terril loam but has been 
terraced and, therefore, was modified to a sandy loam. It consisted of 57% sand, 27% silt, 16 
% clay, and 1% total carbon (TC) with trace levels of inorganic C, in the top 15 cm; and had 
a pH of 7.5 and available P of 18, 9, and 24 mg kg"' as Bray PI, Olsen P, and Mehlich-3 P, 
respectively. 
Treatment Design 
Two rates of liquid swine manure were applied based on com requirements for N. A 
"low" application rate of 168 kg N ha"' corresponding to average fertilizer application of N to 
com in rotation with soybeans in the Midwest, and a high application rate of 336 kg ha*' 
corresponding to twice the low rate. A commercial liquid P fertilizer (10-34-0) was used to 
supply inorganic P at rates equivalent to P supplied by manure at both rates. Manure or 
fertilizer applied at both rates was either broadcast or incorporated. Therefore, the 
experiment is a 2x2x2 factorial design with three replicates requiring a total of 24 plots. 
Experimental Design 
A 15-m diameter rotating boom rainfall simulator was used to apply rainfall to four plots at a 
time, two plots on each side of the rainfall simulator. A set of four plots (encompassed in 
one I5-m diameter circle representing the coverage of the simulator. Figure 1) is an example 
17 
of incomplete block design since not all 8 treatments are represented. Four treatments 
(manure or fertilizer broadcast or incorporated) at either high (H) or low (L) rate were 
included in one set, thus sacrificing some of the power in comparing rates but not in 
comparing the effect of manure versus fertilizer or the method of application. Since the slope 
was not uniform across the field, all eight treatments (two sets, one for each rate) were 
included in one block that has more or less a uniform slope. 
IF-BF-IM-BM IF-BF-BM-IM IF-IM-BF-BM BF-IF-IM-BM IF-BM-BF-IM BM-IF-IM-BF 
Figure 1. Experimental layout for the study. A, B, and C represent blocks; H and L 
correspond to high or low application rates of manure, M, or fertilizer, F; and B 
and I designate broadcast or incorporated methods of application. 
A randomized split block design was thus generated: three blocks A, B, and C 
representing three replicates, and each block is split according to rate (low or high); rain from 
the simulator was applied simultaneously to a set of four plots randomly assigned to manure 
(M) or fertilizer (F), that was either broadcast (B) or incorporated (I), as shown in Figure 1. 
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Plot Layout 
Plots were located in an area bordered by two terraces on the north and south. The 
slopes run in the south-north direction and varied from 6.6 % to 8.2 %; and attempts were 
made to block the treatments according to slope variation. Plots in Block B had a uniform 
slope of 6.6 %, plots in Block A had a slope that varied from 7.1 to 8.2 %, and plots in Block 
C had a slope from 7.0 to 7.7 %. 
Prior to plot layout, the area was mowed for weed control and disk harrowed in late 
June. Plots measure 1.52 m width by 9.15 m length with the length of the plot oriented 
parallel to the slope. The distance between two adjacent plots was 0.91 m and that for the 
simulator path was 3.66 m. This ensured coverage by the simulator to all four comers of the 
outer plots. The lower end of the plots were situated approximately 2.5 m from the lower 
terrace. 
Manure and Fertilizer Application 
Liquid swine manure was obtained from Swine Breeding Research Station in Madrid, 
Iowa. Analysis of manure samples showed total solids of 9%, TP of 1994 mg/L, and total 
kjeldahl nitrogen (TKN) of 3450 mg/L. Based on plot area of 13.73 m^, the low application 
rate (168 kg N ha*') was equivalent to 68 L of manure (5,295 gallons/ac) and the high rate to 
136 L (10,590 gallons/ac). This should supply 97.3 and 194.5 kg P ha"' to the L and H plots, 
respectively. This is a very high P application rate even at the "low" rate (average armual 
crop removal rate is 20 to 40 kg P ha"') and thus the designation L is a misnomer but will be 
retained to conveniently differentiate between the two application rates. In order to ensure 
similar antecedent soil moisture contents in all the plots after the application of liquid manure 
and before applying rain, water was added to the manure applied at the low rate to bring the 
19 
total volume of liquid manure equivalent to that supplied by the manure at the higher rate 
before applying to the respective plots. Analysis of manure samples collected during 
application indicated TP concentrations of668 and 1242 mg L''. These values are lower than 
initial analysis of manure reported earlier due to settling of manure in the tank before actual 
application. These rates correspond to 62.4 and 121.4 kg P ha*' applied to the L and H plots, 
respectively. 
A commercial liquid fertilizer of grade (10-34-0) was used to supply the inorganic P 
fertilizer at rates equivalent to P supplied by manure: 650 mL and 1300 mL were dissolved in 
124 L of water (amount in 136 L of manure) and applied to the L or H plots, respectively. 
Analysis of samples obtained during application showed the concentrations of P as applied to 
be 713 and 1392 mg L"' which is equivalent to a rate of 63.4 and 123.8 kg P ha*', 
respectively. Analysis of the fertilizer as received showed a pH of 6.0. 
Quantities of manure or fertilizer were added with the calculated amount of water to a 
300 L cone shaped plastic container raised by a tractor to provide gravity flow, and was 
applied through a hose uniformly by walking once up the slope of each plot. Prior to 
application, all plots were tilled parallel to the slope with a tandem disk. The plots receiving 
the incorporated treatment were also disked to a depth of 15 cm after manure or fertilizer 
addition as soon as the land dried (a few hours under the very hot conditions that prevailed at 
the time). 
Rainfall Simulation 
One day after manure or fertilizer application to plots, rainfall was applied 
simultaneously to four plots at a time using the rainfall simulator at 6.35 cm/hr for 1.5 hours. 
Water was obtained from the agricultural engineering farm and from a nearby cooperative in 
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the city of Boone; both had an average pH of 8.0 and TP of 0.02 mg L"'. The simulator used 
has rotating booms with radius of 7.6 m (Swanson, 1965) and has 15 nozzles that delivered 
water at the rate of 4 L s"' and a pressure of 103-138 kPa, at an approximation to the drop 
size and energy of natural precipitation. Three rain gauges installed in each plot were used to 
measure the actual amount of rainfall applied during each rain application. The experiment 
was carried out over a period of three days, one block per day, with two rainfall application 
runs performed each day corresponding to the H and L set of that block. No natural rainfall 
occurred, and wind was relatively calm during the entire experiment as evident from the 
uniform distribution of simulated rain measured in the gauges (data not shown). 
Soil Sampling Prior to Rainfall 
Immediately before each rainfall simulation run, three surface soil samples (0-2.5 cm) 
from up-slope, middle, and down-slope positions of each plot were collected using a 20-cm 
diameter sampler. Samples were composited and kept frozen until chemical analysis for P by 
several agronomic and proposed environmental soil tests could be completed. Soil samples 
were also taken in triplicate from the 0-15 cm depth using a 3.2 cm diameter soil probe, 
weighed in the field, and then oven dried at 105 °C for moisture determination. 
Runoff Collection and Measurements 
Plots were isolated with metal borders driven into the ground and the joints were 
sealed with soil berms to prevent leakage. Metal collectors 1.5 m wide were installed at the 
down slope end of the plot while another set of collectors were laid face down on top as a 
cover protection from rainfall. The collectors delivered runoff to PVC cups connected to 
PVC pipes that delivered the water over the lower terrace about 2 m from the end of the 
plots. Figure 2 shows a photograph of the rainfall simulator and the runoff collection system. 
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Figure 2. Piiotograph of simulator and runoff collection system. 
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Six to eight flow rate measurements were made gravimetrically for each plot during 
runoff events by filling a 5-L bucket with runoff water and weighing it. One measurement 
was made at the begiiming of the runoff event and then measurements were made at 5 
minutes, 15 minutes, 25 minutes, 40, 55, and 70 minutes. The time of beginning of runoff 
and the time it took to fill the bucket were recorded, and were used to calculate mean flow 
rates and estimated total volume of runoff from each plot. 
Runoff water grab samples were collected for chemical analyses by periodically 
passing the mouth of a 1-L mason jar under the runoff outflow during the interval between 
each two successive flow rate measurements as composited samples, except for the first 
sample which was poured right out of the bucket used for the first runoff rate measurement, 
and represented an early sample during the first 2- 3 minutes of the onset of runoff One 250-
ml sub-sample from each jar was filtered (0.45-micron) within 2 h of collection and analyzed 
within 24 h for DP, and later for TDP and for total dissolved solids (TDS). Another 250-mL 
subsample (unfiltered) was stored for later analysis for total solids content (TS), total P (TP) 
and bioavailable P (BAP). All samples were stored at 4°C until analyzed. Analyses were all 
performed within five weeks of collection. Runoff volume and P concentrations were used 
to determine mass losses of all P species in runoff from each plot. 
Chemicai Analysis 
Soil samples were air dried, crushed, and passed through a 2-mm sieve before 
analysis. Duplicate samples were analyzed for soil test P (STP) using six different extraction 
methods: distilled water, iron oxide filter paper, and acidified anmionium oxalate (these gave 
the highest previously reported correlation of STP with DP (Pote et al. 1996); and with 
Olsen, Bray-1, and Mehlich-3 extraction methods which are considered to be soil fertility 
23 
indicators. Iron oxide filter paper extracts the BAP which includes the dissolved 
orthophosphate and a portion of the particulate P that is algal-available (Sharpley, 1993). 
Acidified ammonium oxalate extracts the P associated with noncrystalline Fe and A1 
minerals, which in non-calcareous soils, are the principal P adsorbing species. It also 
extracts Fe and A1 species associated with P adsorption. The quantities of Fe and A1 in nmiol 




The degree of P satiiration (DPS) is the percentage of PSC present as oxalate extractable P. 
Determination of P in all extracts, except BAP and oxalate extractable P (Oxalate-P), 
were done colorimetrically using a spectrophotometer (Murphy and Riley, 1962). BAP was 
determined by shaking 1 g of soil with 50 mL of deionized water and one strip of iron oxide-
impregnated filter paper on an end-over-end shaker for 16 hr (Sharpley, 1993). The filter 
paper was then extracted with 40 mL of 0.05 M H2SO4 and diluted to 50 mL with water 
before analysis. P in the extract was then determined by the automated ascorbic acid method 
described below for the runoff water samples. To determine phosphate sorption capacity, a 
0.5 g soil sample was extracted with 20 mL acidified ammonium oxalate (Sharpley, 1996). 
Samples were shaken in centrifuge tubes in the dark on an orbital shaker, centrifuged at 
I0,000g for 20 min and diluted to 40 mL with deionized water. The extract was then 
analyzed for P by the automated ascorbic acid method described below, while A1 and Fe 
were determined by atomic absorption spectrophotometry (Searle and Daly, 1977). 
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Runoff water samples were all analyzed colorimetrically by the automated ascorbic 
acid method using a Lachat Quickchem 1000. To measure DP, samples were centrifliged at 
10,000g for 20 min and filtered through a 0.45 ^im membrane filter before P analysis. TDP 
on filtered samples was determined by persulfate digestion in a block digester; a 20 mL 
sample was mixed with 0.25 g of KjSjOg and 0.5 mL of 6 M H2SO4 in a digestion tube, 2-3 
teflon coated boiling chips were added, and the mixmre heated to 250 "C until 1-2 mL was 
left. The digest was then neutralized and diluted to 50 mL and analyzed. P was 
determined from a calibration curve constructed firom standards that were digested and 
treated similar to the samples. 
Determination of TP on unfiltered samples was performed according to EPA 
method 351.2 (EPA, 1993) by digesting 20 mL samples with 10 mL of a mixmre made up 
from concentrated H,S04, K2SO4, and CUSO4 for 1 h at 160°C and then 1.5 h at 380''C 
until 1-2 mL is left. Samples were then diluted to 50 mL with deionized water and 
analyzed for TP. P was determined from a calibration curve prepared from standards that 
were treated similarly. 
BAP on runoff water was determined by adding from 20 to 35 mL of deionized 
water to an aliquot containing no more than 0.5 mg P as TP and shaking with one iron 
oxide-impregnated filter paper as described above for the soil samples (Sharpley, 1993). 
Standard solutions made up from KH2PO4 were also extracted with one filter paper, with 
recovery being complete within the range of 0.5 to 20 mg P L '; they were used to 
construct the calibration curves used to determine P in the BAP extract. 
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To determine TS a lO-mL aliquot of the unfiltered sample was evaporated in a 
weighed dish and dried to constant weight in an oven at 103 to 10S°C, the increase in 
weight over that of the empty dish represents the total solids. TDS was determined 
similarly by drying a 20-mL aliquot of the filtered samples. The difference (TS-TDS) 
represent TSS, a measure of the sediment content of runoff. 
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RESULTS AND DISCUSSION 
Statistical Analysis 
Various experimental treatments were imposed on plots using the randomized split 
block design and statistical analysis was performed using analysis of variance (ANOVA). 
The procedure (proc mixed) in ANOVA was applied to test whether there were significant 
differences among all treatments (24 plots. Table 2) on total flow, total suspended solids 
(TSS), and P forms measured in runoff water. Main plot effect consisted of three blocks with 
two rates of manure or fertilizer application (H or L), while split plot effect was due to types 
of P sources, fertilizer (F) or manure (M), and the two methods of application, broadcast (B) 
or incorporated (I). Values of the probability level a of significance are given in Table 4 for 
the mass losses and in Table 5 for the flow-weighted concentrations, identifying those with 
a< 0.1 with an asterisk. The effects of rate of application, method of application, type 
(manure or fertilizer), and the interaction between these factors were determined. Results 
and discussion pertaining to any factor will consider only the main effects when no 
significant interaction exist, otherwise comparisons will be made at each level of the 
interacting factor. The program "proc mixed" in SAS is given at the end of the appendix. 
Levels of significance (a) are also given for the calculated values of DOP and PP and the 
ratios BAP/TP and DP/BAP. The first ratio reflects the fraction of TP that would eventually 
become bioavailable while the second gives an indication of the fraction of bioavailable P 
that is immediately available to algae. 
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Runoff and Erosion 
Runoff collection data for each plot are presented in Tables A-I-l through A-1-12 of 
the appendix. Table 1 below gives data for plots AHBF and ALBF (A= block A, H= high 
rate, B= broadcast, F= fertilizer). Both plots are in block A where the method of application 
is broadcast (B) and the type is fertilizer (F) applied at either high (H) or low (L) rate. 
Table 1. Runoff collection data of plots AHBF and ALBF for a 90-minute runoff event. 
The first entry indicates the time rain started. The first time interval (minutes) 
indicates the onset of runoff measured from the start of rain. The last time 
interval was adjusted to sum the event to 90 minutes. Time in seconds is the 
collection time for the indicated weight of water (includes bucket weight of 365 
g), flow rate Q is based on plot area of 137,300 cm^, average flow rate is the 
arithmetic average of flow rates of the current time interval and the one 
preceding it (except for the first interval where it is equal to the flow rate of that 
interval), flow is the product of the average flow rate and the time interval. 
PLOT: AHBF 
Time interval Clock Begins Time Clock Ends Weight Q avg Q Flow 
min hourmin;sec sec hourmin:sec 9 cm hr' cm hr^ cm 
Start Rain 9:45:30 
9.0 9:54:30 60 9:55:30 4204 1.68 1.68 0.03 
5.0 10:00:30 30 10:01:00 5847 4.79 3.23 0.27 
10.0 10:11:00 30 10:11:30 6060 4.98 4.88 0.81 
10.0 10:21:30 30 10:22:00 6270 5.16 5.07 0.84 
15.0 10:37:00 25 10:37:25 5915 5.82 5.49 1.37 
15.0 10:52:25 25 10:52:50 5675 5.57 5.69 1.42 
26.0 11:11:30 25 11:11:55 5914 5.82 5.69 2.47 
90.0 7.22 
PLOT; ALBF 
Time interval Clock Begins Time Clock Ends Weight Q avg Q Flow 
min hourmin:sec sec hourmin:sec g cm hr"' cm hr' cm 
Start Rain 12:08:00 
7.0 12:15:45 90 12:17:15 5314 1.44 1.44 0.04 
5.0 12:22:15 30 12:22:45 4588 3.69 2.57 0.21 
10.0 12:32:45 25 12:33:10 5680 5.57 4.63 0.77 
10.0 12:43:10 20 12:43:30 4488 5.41 5.49 0.91 
15.0 12:58:30 20 12:58:50 4645 5.61 5.51 1.38 
15.0 13:13:35 20 13:13:55 4484 5.40 5.51 1.38 
15.0 13:29:00 20 13:29:20 4758 5.76 5.58 1.39 
13.0 13:37:00 20 13:37:20 4615 5.57 5.67 1.23 
90.0 7.31 
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These two plots belong to separate runs, a morning and an afternoon one. Starting time of 
the 90-minute rainfall simulation event and the time of onset of runoff are indicated. Runoff 
initiation is measured from the time the rain started and represents the first time interval in 
minutes. Obviously it varied among the plots due to the variation in slope and treatment. 
Since duration of runoff is not uniform among the plots, and in order to compare plots on an 
equal basis, a total interval time of 90 minutes measured from the onset of rainfall was used 
as the total runoff event time. Time intervals were measured from the end of collection of the 
previous flow rate sample (Clock Ends). The last time interval for each plot was then 
adjusted to sum the runoff event to 90 min. 
Total flow is plotted as bar graph in Figure 3 below and shows the range in all plots. 










Figure 3. Total flow for 90-min rainfall-runoff event for various treatment plots. 
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block A or C due to more uniform slopes among its plots. When averaged among blocks, the 
average total flow was greater for the broadcast treatments than for the incorporated ones 
indicating that incorporating manure or fertilizer caused an increase in infiltration into the 
soil resulting in less runoff (Table 3). Analysis of variance on total runoff flow volume from 
all plots showed a significant increase (a=0.018) in flow when manure or fertilizer was 
broadcast (Table 4). It should be mentioned that the plots where manure or fertilizer was 
incorporated were disked twice while those for the broadcast treatment were disked only 
once prior to application. This might have enhanced a greater flow from the broadcast plots. 
Total runoff flow volume was also greater for fertilizer than manure (a=0.12) indicating that 
manure provided a protective layer against raindrop impact causing a reduction in runoff. 
TSS which equals the amount of sediments eroded from the plots, was averaged over 
the three blocks and plotted in Figures 4 and 5 for the TSS flow-weighted concentration and 
TSS mass losses, respectively. Average TSS concentrations varied from 4000 mg L"' for the 
high rate of broadcast manure (HBM) to 8618 mg L"' for the high rate of incorporated 
fertilizer (HIF) (Table 3). Corresponding TSS mass losses were 2.38 and 4.99 Mg ha"' for 
broadcast manure and incorporated fertilizer treatments, respectively. TSS concentrations 
and mass losses were significantly higher for fertilizer treatments compared to manure 
treatments (a = 0.003, Table 5). Manure may have acted as a binding agent for soil 
aggregates resulting in less concentration of TSS. Larger mass losses are due to higher 
concentrations and flow volume for the fertilizer treatment. This contrasts with results of 
Edwards and Daniel (1994) who reported higher TSS concentration and mass losses from 
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Figure 4. Average flow-weighted total suspended solids (TSS) concentration. 
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Figure 5. Average total suspended solids (TSS) mass loss. 
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The fescuegrass in their plots may have caused manure to be less strongly sorbed, therefore 
weakening its cementing ability to soil particles when compared to chemical fertilizer. Our 
results agree, however, with those of Gilley and Eghball (1998) who measured total solids of 
4.1 Mg ha"' in the disked (8 cm depth) fertilizer treatment and 0.9 Mg ha"' in the disked beef 
cattle manure treatment. TSS concentrations in our study were also significantly greater for 
the incorporated than the broadcast treatments (a = 0.002). Disking the manure or fertilizer 
caused disturbance in the soil and an increase in erosion causing the higher TSS values. 
Broadcast manure or fertilizer provided a protective layer or crust that prevented soil 
particles from detachment. Similar effects on TSS mass losses, however, were not observed 
due to lower flow volume that offsets the higher TSS concentrations in the incorporated 
treatments. 
Phosphorus in Runoff 
Runoff samples collected were analyzed for DP, TDP, TP, and BAP. DOP was 
obtained as the difference between TDP and DP measured from filtered samples. PP which 
is the inorganic and organic P associated with or bound to eroded sediments, was obtained 
from the mass balance in the equation below. It states that the amount of total P in the 
collected runoff sample is equal to that of the sum of the total dissolved P and the P 
associated with sediments (PP) in that sample. 
TPconc X mass of sample = TDPconc x (mass of water in sample) + PPconc x mass of sediments 
Mass of water in the sample is the sample mass corrected for total solids content. 
Table A-2 of the appendix presents the Excel spreadsheet used to calculate TSS and PP for 
each sample. Concentration and mass losses of P forms in each sample from all plots are 
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presented in tiie appendix as Table A-3. Mass losses (kg ha"') are computed from the 
product of the concentration of P in mg L"' and the dm of flow (cm of flow/10) for each 
sample. Total loss is the algebraic sum over all samples while the flow-weighted 
concentration is obtained by dividing the total mass loss by the total flow for the plot. 
Results for each runoff plot are presented in Table 2 and the average values over the three 
blocks are summarized in Table 3. The average values over the three blocks are also plotted 
as bar graphs in Figures 6 through 13 for DP, TDP, TP, and BAP for both mass losses and 
flow-weighted concentrations. 
Dissolved P (DP) concentrations ranged from a low value of 0.59 mg L"' for the low 
rate of incorporated manure (ALIM) to a high value of 2.95 mg L"' for the high broadcast 
fertilizer (CHBF) (Table 2). Flow-weighted concentrations for DP when manure was 
incorporated were less than I mg L"', the proposed limit for agricultural runoff in certain 
parts of the country (Figure 6). DP flow-weighted concentrations and mass losses were 
significantly greater for the broadcast treatments in comparison with the incorporated 
treatments and were also significantly greater for the fertilizer treatments in comparison to 
manure treatments. These results agree with those of Eghball and Gilley (1999) and of those 
of Edwards and Daniel (1995) who concluded that P in the inorganic fertilizer appeared to be 
more susceptible to runoff transport than P in manure. Our results also agree with those of 
Baker and Laflen (1982) where injecting fertilizer P gave similar DP losses to unfertilized 
plots. DP flow-weighted concentrations were also significantly greater for the high than the 
low rate of application; similar effect on mass losses of DP, however, were not statistically 
significant probably due to flow variation or to lower power of comparison of rates inherent 
in our statistical design. 
Table 2. Total mass loss and mean flow-weighted concentration of P forms in runoff 
Total Loss Flow-weighted concentration 
PLOT TSS 
Mg ha"' 
PP DP TDP TP DOP BAP TSS PP DP TDP TP DOP BAP 
AHBF 4.42 27,68 1,78 2.71 30.39 0.93 9.66 6121 38.34 2.47 3,76 42.10 1.29 13.37 
BHBF 3.45 15.40 1.12 1.92 17.31 0.79 7.03 6615 29.52 2.15 3.68 33.19 1.52 13.48 
CHBF 5.15 20.79 2.37 3.53 24.32 1.16 11.24 6410 25.87 2.95 4.39 30.27 1,44 13.99 
AHBM 2.73 9.18 1.09 1.31 10.50 0.22 3.72 4642 15.61 1.86 2.23 17.84 0.37 6.32 
BHBM 1.84 5.36 1.04 1.21 6.57 0.17 2.99 4071 11.87 2.30 2.67 14.54 0.37 6.62 
CHBM 2.57 14.41 1.61 2.03 16.44 0.42 5.60 3449 19.34 2.16 2.73 22.07 0.56 7.51 
AHIF 4.42 9.06 0.95 1.03 10.09 0.11 3.56 7262 14.89 1.56 1.70 16.59 0.17 5.85 
BHIF 6.62 13.06 0.97 1,36 14.42 0.39 4,75 10979 21.66 1.60 2.25 23.91 0.65 7.88 
CHIF 3.93 6.43 0.73 0,95 7.39 0.23 2,31 7478 12.24 1.38 1.81 14.05 0.43 4.39 
AHIM 2.40 5.14 0,37 0.41 5.54 0.04 0,92 4077 8.73 0.62 0.69 9.42 0.07 1.57 
BHIM 4.49 7.60 0.53 0.61 8.21 0.09 1,54 8532 14.43 1.00 1.16 15.60 0.17 2.93 
CHIM 3.52 5.03 0,50 0.63 5.67 0.14 1,49 7774 11.12 1,09 1.40 12.52 0.31 3.29 
ALBF 5.35 10.09 1.56 2,46 12.55 0.90 6,53 7316 13,79 2,13 3.37 17.16 1.23 8.92 
BLBF 5.94 9.24 1.10 1.71 10,95 0,61 5,67 9192 14.29 1,71 2.65 16.95 0.95 8.77 
CLBF 4.94 12.00 2.27 2.77 14.78 0.50 7.70 6348 15,43 2.92 3.56 18.99 0.65 9.89 
ALBM 3.98 5,99 0.90 1.15 7.14 0,25 2.19 5551 8.36 1.25 1.60 9.96 0,35 3.06 
BLBM 2.90 4.09 0,63 0.61 4.70 0.03 1.55 5555 7.84 1.21 1.16 9.01 0.06 2.98 
CLBM 3.25 4.75 0.63 0.64 5.40 0.07 1.76 5079 7.43 0.98 1.01 8.43 0.11 2.75 
ALIF 4.29 3.96 0.73 1.01 4.98 0.29 1.75 6812 6.29 1.16 1,61 7.90 0,45 2.78 
BLIF 5.35 6.13 0.56 0.68 6.81 0.13 2.13 9579 10.98 0.99 1,22 12.20 0.23 3.81 
CLIF 4.91 8.71 0.65 0,70 9.41 0.06 1.94 9690 17.19 1,28 1.38 18.57 0.12 3.83 
ALIM 3.95 3.74 0.32 0,41 4.16 0.10 0.80 7311 6.93 0,59 0.77 7.70 0,18 1.48 
BUM 5.92 6.08 0.40 0.41 6.50 0.01 1.16 9465 9.73 0.63 0.66 10.39 0.02 1.86 
CUM 2.85 4.69 0.44 0.50 5.20 0.07 1.24 5452 8.98 0.83 0.96 9.94 0.13 2.37 
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Table 3. Average flow and average mass losses and mean flow-weighted concentrations for 





PP DP TDP TP 
• kg ha'^ 
BAP TSS PP DP TDP 
- - - mg L*^-
TP BAP 
HBF 6.82 4.34 21.29 1.76 2.72 24.01 9.31 6360 31.20 2.58 3.98 35.18 13.64 
HBM 5.95 2.38 9.65 1.25 1.52 11.17 4.10 3999 16.22 2.10 2.55 18.77 6.89 
HIF 5.79 4.99 9.52 0.88 1.11 10.63 3.54 8618 16.44 1.52 1.92 18.36 6.11 
HIM 5.23 3.47 5.92 0.46 0.55 6.47 1.32 6640 11.33 0.88 1.05 12.39 2.53 
LBF 7.19 5.41 10.44 1.65 2.32 12.76 6.63 7529 14.53 2.29 3.22 17.76 9.23 
LBM 6.26 3.38 4.95 0.72 0.80 5.75 1.84 5391 7.90 1.15 1.28 9.18 2.93 
LIF 5.65 4.85 6.27 0.64 0.80 7.07 1.94 8584 11.09 1.14 1.42 12.51 3.43 
LIM 5.63 4.24 4.84 0.38 0.44 5.28 1.07 7534 8.60 0.68 0.79 9.39 1.90 
TDP concentrations showed a similar trend to that of DP (Figures 8 and 9). In 
addition, interaction effects were observed between rate and method and type and method: 
effect of incorporation on decreasing TDP concentrations, for example, was greater for 
fertilizer than manure and greater at the higher rate of application. TDP mass losses showed 
similar effects of method and type. 
TP flow-weighted concentrations varied fi*om a value of 7.70 mg L*' for the low rate 
of incorporated manure (ALIM) to a value of 42.10 mg L*' for the high rate of broadcast 
fertilizer (AHBF) (Table 2, Figures 10 and 11). These values are higher than many reported 
in the literature due to the extreme conditions of our study. This experiment was conducted 
on bare soil and rainfall event occurred just one day following manure or fertilizer 
application. TP concentrations and mass losses were also greater in the fertilizer treatment 
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Figure 6. Average flow-weighted dissolved P (DP) concentration 
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Figure 9. Average total mass loss of total dissolved P (TDP). 
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Figure 10. Average flow-weighted total P (TP) concentration. 
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Figure 11. Average total mass loss of total P (TP). 
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Table 4. Analysis of variance (ANOVA) significance level a of flow, TSS mass losses, and of mass losses of P forms 
measured in runoff. Those with asterisk highlight values less than 0.1. 
Source Flow TSS DP TDP TP DOP BAP PP BAP/TP DP/BAP 
Block (A,B,C) 0.3350 0.4422 0.2659 0.3005 0.6827 0.8480 0.4554 0.7672 0.7295 0.3178 
Rate(H,L) 0.5840 0.2223 0.1932 0.1290 0.0660* 0.3275 0.0590* 0.0679* 0.8295 0.0875* 
Method (B.l) 0.0187* 0.2096 0.0001* 0.0001* 0.0013* 0.0001* 0.0001* 0.0035* 0.0001* 0.0233* 
Rate'Method 0.7794 0.3696 0.5263 0.2817 0.0621* 0.0742* 0.0984* 0.0625* 0.2164 0.4199 
Type(M.F) 0.1239 0.0018* 0.0011* 0.0001* 0.0008* 0.0001* 0.0001* 0.0016* 0.0002* 0.0001* 
Rate'Type 0.7383 0.5971 0.6138 0.8700 0.1823 0.2822 0.3295 0.1545 0.0980* 0.5282 
Method'Type 0.4217 0.2499 0.1526 0.0132* 0.0335* 0.0001* 0.0018* 0.0466* 1.000 0.0541* 
Rate'Method* Type 0.6914 0.5354 0.2723 0.4195 0.5634 0.6304 0.5952 0.4807 0.0196* 0.2183 
Table 5. Analysis of variance (ANOVA) significance level a of flow-weighted concentrations of TSS and 
of P forms measured in runoff. Those with asterisk highlight values less than 0.1. 
Source TSS DP TDP TP DOP BAP PP BAP/TP DP/BAP 
Block (A,B,C) 0.1705 0.3307 0.7343 0.9000 0.9738 0.3908 0.9064 0.7295 0.3178 
Rate(H.L) 0.2527 0.0590* 0.0916* 0.0350* 0.2728 0.0122* 0.0409* 0.8295 0.0875* 
Method (B,l) 0.0023* 0.0001* 0.0001* 0.0016* 0.0001* 0.0001* 0.0075* 0.0001* 0.0233* 
Rate'Method 0.3940 0.1920 0.0119* 0.0200* 0.0216* 0.0021* 0.0275* 0.2164 0.4199 
Type(M.F) 0.0033* 0.0001* 0.0001* 0.0002* 0.0001* 0.0001* 0.0008* 0.0002* 0.0001* 
Rate*Type 0.7787 0.2660 0.4759 0.1414 0.1593 0.0868* 0.1298 0.0980* 0.5282 
Method*Type 0.4885 0.3467 0.0007* 0.0314* 0.0001* 0.0001* 0.0517* 1.000 0.0541* 
Rate'Method* Type 0.8546 0.0946* 0.0906* 0.3642 0.4930 0.3195 0.3096 0.0196* 0.2183 
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than the manure treatment. This suggests that although orthophosphate is the main ingredient in 
inorganic fertilizer, most of the P in runoff water is associated with sediments. Consequently, 
observed TP concentrations and mass losses were much greater than those of DP for all 
treatments. TP concentrations and mass losses were also higher in runofT generated from 
broadcast plots compared to those from disked plots. These findings agree with those of Gupta et 
al. (1997). The trend observed for TP, however, was not consistent with that of TSS, although 
TP loss should be associated with sediment loss. TSS concentrations were greater in runoff 
generated from the incorporated than the broadcast plots. For TP, two-way interactions between 
method and rate, and method and type (M or F) were observed while sediment loss (TSS) was 
significantly affected by type only (Table 4). Our findings are not in agreement with Eghbali and 
Gilley (1999) where they found greater concentrations for PP and TP for disked (8 cm depth) 
than broadcast. The effect of tillage in their study, however, was statistically significant for PP 
only. 
All other P forms were higher in runoff fi-om fertilizer plots than manure plots and 
also higher fi-om the broadcast than the incorporated plots. Except for DOP, higher rate of 
manure or fertilizer increased flow-weighted concentrations of all P forms significantly. 
Similar effect of rate on mass losses was only observed for TP, PP, and BAP. It appears that 
the effect of rate on mass losses of these P forms is not masked by flow variability. 
BAP concentrations were all much higher than DP indicating that in our study DP is 
not the main form of P causing potential pollution (Figure 12). This study was conducted on 
bare soil where most of the BAP is associated with sediments. BAP concentrations in our 
study varied from 1.48 mg L"' when low rate of manure was incorporated, to 13.99 mg L'' 
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Figure 12. Average flow-weighted bioavailable P (BAP) concentration. 
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Figure 13. Average total mass loss of Bioavailable P (BAP) 
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losses, the interaction of method and type was highly significant. Thus greater BAP 
concentrations and mass losses were observed in runoff from broadcast plots and the 
magnitude of the loss is greater for fertilizer than manure (Figures 12 and 13). For BAP, 
mass losses were higher when applying manure or fertilizer at the high rates and this effect 
was greater for broadcast than incorporated method of application. 
The ratios DP/BAP and BAP/TP for the mass losses from Table 2 were also analyzed 
by ANOVA and reported in Table 4. The fraction of TP that is bioavailable (BAP/TP) 
decreased significantly when manure or fertilizer was incorporated and was significantly 
lower in manure than fertilizer. This indicates that incorporation of manure also decreases 
the fraction of P conducive to eutrophication. The fraction of bioavailable P that is 
immediately available to algae (DP/BAP), however, was significantly larger from manure 
treatments in comparison with fertilizer treatments. For the fertilizer treatment, incorporation 
increased the ratio (DP/BAP) significantly, while for manure it decreased. Thus manure had 
lower associated P losses in comparison to fertilizer. 
PP was the major fraction of TP in our study, indicating that most of P in runoff water 
is associated with sediment and manure particles. This is not surprising since most nutrient 
losses from bare soil, especially for rainfall events that occur shortly after manure or fertilizer 
addition are due to sediment erosion. We have not attempted to separate manure from 
sediment particles, and therefore we do not know the contribution of each to the total PP loss. 
PP concentrations and mass losses exhibited similar trends to those of TP. 
DOP, obtained from the difference of TDP-DP, was only a small fraction of TP since 
most of P loss is associated with sediments. DOP also constituted a smaller fiaction of TDP 
than DP (Table 2). This result should be interpreted with caution since during the 
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determination of DP by the ascorbic acid method, hydrolysis of organic phosphates could 
underestimate the level of DOP. We also found higher DOP concentrations and mass losses 
from plots that were amended with inorganic P fertilizer in comparison with plots with liquid 
swine manure. DOP, although not a main fraction of P losses through runoff water, could be 
more significant in soil solutions at lower depths in the soil (subsoil) or from leachates 
draining agricultural land (Chardon, 1997). They found that DOP was the largest fraction of 
TP below 50 cm depth in soils that received either inorganic fertilizer or liquid swine 
manure. DOP is more mobile than inorganic P and thus could move through soil and 
eventually by sublateral flow to surface or groundwater. 
Soil Phosphorus 
P in the surface 0-2 cm of the soil was analyzed by various agronomic and proposed 
environmental tests. Bray-1, Olsen, and Mehlich-3 extractants are routinely used to extract the 
"available P" with soil fertility in mind. Extraction of soil with water and with filter paper 
impregnated with iron oxide (BAP) has been proposed as alternative environmental soil tests that 
would reflect more on the susceptibility of soil to release P through runoff. The degree of P 
saturation (DPS) has been proposed to assess the potential of acidic soils to leach P by subsurface 
flow through the soil profile. Although our study concentrated on P loss in runoff rather than 
leaching, we decided to assess the feasibility of DPS method in predicting P release to the 
environment. Results of P analyses by all six methods in mg P kg*' of air dried soil are reported 
in Table 6. Soil available-P values from all methods for all treatments were above 20 to 40 
kg ha*', the sufficiency level recommended for most agricultural soils. These high levels are due 
to the very short time interval between manure or fertilizer ^plications and soil sampling where 
the added P did not have time to equilibrate. Bray-l P, BAP, and Mehlich-3 P methods extracted 
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Table 6. Available P in surface (0-2 cm) soil determined by agronomic and environmental 
soil tests. 
PLOT 
Bray-IP Ols«n-P Mehlich 3-P Water-P BAP DPS 
% 
AHBF 336.0 136.0 256.0 135.0 200.8 28.1 
BHBF 328.0 148.0 268.0 180.0 212.8 21.8 
CHEF 304.0 160.0 352.0 150.0 201.3 27.0 
AHBM 126.0 110.0 152.0 75.0 119.5 17.0 
BHBM 256.0 134.0 174.0 140.0 181.8 14.5 
CHBM 280.0 228.0 392.0 150.0 209.3 27.3 
AHIF 98.0 62.5 92.0 56.3 97.3 16.9 
BHIF 180.0 110.0 166.0 120.0 144.3 14.9 
CHIF 130.0 88.0 150.0 63.8 118.8 18.4 
AHIM 64.0 43.0 70.0 27.5 53.0 9.9 
BHIM 122.0 88.0 144.0 70.0 101.0 13.0 
CHIM 128.0 94.0 176.0 45.0 111.8 19.8 
ALBF 106.0 66.0 80.0 56.3 88.3 10.8 
BLBF 176.0 64.0 122.0 95.0 120.0 9.5 
CLBF 202.0 100.0 196.0 90.0 157.0 13.2 
ALBM 90.0 70.0 84.0 41.3 75.5 10.4 
BLBM 144.0 91.5 120.0 85.0 113.8 8.1 
CLBM 160.0 102.0 158.0 75.0 128.5 9.1 
ALIF 62.0 36.5 60.0 22.5 50.5 8.4 
BLIF 134.0 78.0 122.0 85.0 123.0 8.4 
CLIF 94.0 37.5 82.0 35.0 70.8 6.5 
ALIM 32.5 18.0 34.0 10.0 23.8 6.6 
BUM 84.0 58.0 72.0 31.3 55.8 4.4 
CUM 124.0 72.0 150.0 37.5 92.0 12.3 
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the most amount of P in soil with Bray-1 and Mehlich-3 values greater than BAP. These results 
£^e with those of Sharpley (1995) and Pote et al. (1996). Water extracted the least amount of P 
in soil and this also agrees with other reports in the literature. The degree of P saturation (DPS) is 
the soil extractable-P expressed as a percentage of P sorption capacity (PSC). The amount of 
extractable Al and Fe in mmole kg*' was divided by a factor of 2 to obtain the PSC (see 
Materials and Methods). This factor is empirical and adopted fiom research in the Netherlands 
(W. J. Chardon, personal communication), but it should not affect the trend observed. DPS 
values for the low rates of application were all less than 10 % while those for the high rates of 
application were greater. The plots with high rates of broadcast fertilizer (HBF) had DPS values 
greater than 20 % indicating a higher saturation of the soil with P and more risk of P loss through 
surface runofif. It is worth mentioning that a DPS of 25% is the limit proposed by Dutch 
scientists for soil P saturation beyond which P is prone to leach through soil profiles and into a 
water table situated 1 m below surface. DPS in soil samples from plots with high rate of manure 
and'or fertilizer application were approximately twice those from plots with low rate (half of the 
high rate) of application. DPS could, therefore, adequately reflect the saturation level of soil. 
This result is particular to this soil only, and more research is needed to validate its applicability 
to different soil types. 
Available-P values in surface soil of each plot (Table 6) were compared with P loss and 
concentration in runoff (Table 2) by running a correlation test. The correlation coefficients are 
presented in Tables 7 through 10. Values given are for both the mass losses and the average 
(over the 3 blocks) mass losses (Table 3) of P as well as the corresponding correlations with the 
flow-weighted concentrations and their average. 
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Table 7. Correlation coefficients for all plots between soil-P and mass 
losses of P forms in runoff. 
PP DP TDP TP DOP BAP 
Bray-P 0.79 0.69 0.72 0.79 0.68 0.78 
Olsen-P 0.61 0.60 0.57 0.61 0.47 0.59 
Mehlich-P 0.70 0.67 0.66 0.71 0.57 0.69 
Water-P 0.69 0.63 0.65 0.70 0.62 0.72 
BAP 0.72 0.69 0.68 0.73 0.61 0.74 
DPS 0.77 0.63 0.65 0.77 0.61 0.69 
Table 8. Correlation coefficients between average soil-P and average 
mass losses of P forms in runoff. 
PP DP TDP TP DOP BAP 
Bray-P 0.93 0.85 0.86 0.93 0.84 0.89 
Olsen-P 0.70 0.67 0.63 0.70 0.55 0.64 
Mehlich-P 0.86 0.75 0.75 0.85 0.71 0.78 
Water-P 0.89 0.85 0.84 0.89 0.79 0.86 
BAP 0.88 0.85 0.83 0.88 0.78 0.85 
DPS 0.86 0.66 0.67 0.84 0.66 0.73 
Table 9. Correlation coefficients between soil-P and flow-weighted 
concentration of P forms in runoff 
PP DP TDP TP DOP BAP 
Bray-P 0.81 0.78 0.80 0.83 0.71 0.84 
Olsen-P 0.60 0.66 0.62 0.62 0.48 0.62 
Mehlich-P 0.67 0.69 0.68 0.69 0.57 0.69 
Water-P 0.74 0.75 0.76 0.76 0.68 0.81 
BAP 0.74 0.79 0.77 0.76 0.64 0.80 
DPS 0.76 0.67 0.69 0.77 0.62 0.71 
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Table 10. Correlation coefiBcients between average soil-P and average 
flow-weighted concentration of? forms in runoff 
PP DP TDP TP DOP BAP 
Bray-P 0.91 0.88 0.89 0.92 0.86 0.91 
Otsen-P 0.70 0.76 0.70 0.71 0.57 0.68 
Mehlich-P 0.86 0.81 0.80 0.87 0.74 0.81 
Water-P 0.87 0.90 0.89 0.89 0.81 0.89 
BAP 0.86 0.90 0.88 0.88 0.80 0.88 
DPS 0.89 0.73 0.74 0.88 0.70 0.78 
When soil available-? data from all six methods were conelated among each other 
(data not shown), BAP in soil had the highest correlation with all other methods (r > 0.9) while 
DPS had the lowest. Tables 8 and 10 show, as expected, that the cprrelations improve when 
considering average mass losses or average flow-weighted concentrations. DP concentration 
was best predicted by Bray-IP (r = 0.78) or BAP in the soil (r = 0.79) and by water 
extractable P or BAP in the soil when considering average values (r = 0.90). DP mass losses 
had similar relationships. BAP concentration and mass losses in runoff water had similar 
correlations to those of DP. Bray-IP in the soil gave the highest correlation with losses and 
concentrations of all P forms in runoff especially the BAP. Data of BAP concentration in 
runoff and Brayl-P in soil for all treatments are plotted in Figure 14; a linear relationship 
best describe the relationship with a regression coefficient r^ = 0.71. 
This shows that routine soil tests like Brayl-P in our case, normally conducted in most 
soil testing laboratories to assess fertilizer P recommendations, could also be used to predict P 
loss in runoff Environmental soil tests for predicting soil P loss could then be carried out in 
such laboratories without the need to modify their procedures and adopt new and sometimes 
difiicult ones. This is currently debated in the scientific community working on this subject. 
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DP and BAP mass losses in runoff water were also well correlated (r > 0.85 for the 
average values) with soil-P extracted by Bray-lP, BAP, or water extractants. Data for the 
relationship between BAP losses in runoff and Brayl-P in soil for all treatments are plotted 
in Figure 15. This shows that correlation of soluble (DP) and bioavailable (BAP) P in runoff 
water with soil test P (STP) like the Brayl-P, can predict DP and BAP concentrations as well 
as load. Our results show an improvement over those of Pote et al. (1996) who observed 
very low correlation between P load in runoff and soil test P (STP). Again, our results 
pertain to one soil, and more research is needed to verify whether these relationships still 
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Figure 14. Relationship between BAP concentration in runoff and Bray 1-P in soil. 
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Figure 15. Relationship between BAP load in runoff and Bray 1-P in soil. 
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SUMMARY AND CONCLUSION 
There is an increasing concern among the environment community that N-based 
manure application rate will increase soil P levels with the potential to release P to the 
environment. The objective of this study was to evaluate the effect of manure application 
rates and placement method on erosion and P loss with runoff water. Simulated rainfall was 
applied to 24 runoff plots to study the effect of rate and method of application and each 
treatment was replicated three times. The first variable was application rate; liquid swine 
manure at the N recommended rate or twice the rate, and inorganic liquid fertilizer with P 
level that matches the amount of P supplied by manure. The second variable was placement, 
with manure or fertilizer either surface broadcast or incorporated. 
Average total runoff flow volume was significantly greater for the surface broadcast 
treatment in comparison with the incorporated treatment and for the fertilizer in comparison 
with manure treatment. TSS concentration and losses in runoff water were significantly 
greater for the fertilizer treatment in comparison with manure. Runoff concentrations and 
losses of all P forms with runoff water were significantly higher for the fertilizer u-eatment in 
comparison with manure treatment and were significantly less when manure or fertilizer was 
incorporated. BAP concentrations were all much higher than DP indicating that in this study 
DP is not the main form of P causing potential eutrophication. The fraction of TP that is 
bioavailable (BAP/TP) was significantly lower in manure than fertilizer and for incorporated 
than broadcast method of application. The fraction of BAP immediately available to algae 
(DP/BAP), however, was significantly greater for manure treatment in comparison with 
fertilizer treatment. 
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Except for DOP, higher rate of manure or fertilizer increased significantly the 
concentrations of all P forms in runoff water. Similar effect of rate on mass losses was only 
observed for TP, PP, and BAP. STP by agronomic and environmental tests showed that DP 
and BAP concentrations in runoff water can be best predicted by Brayl-P or BAP in soil. DP 
and BAP losses with runoff water were highly correlated (r > 0.85) with Brayl-P, BAP in 
soil, and P in soil extracted with water. 
This study showed that fertilizer or liquid swine manure applied one day before a 
rainfall event could cause large losses of P at levels that adversely affect water quality. 
These losses were higher from fertilizer than manure plots, and decreased significantly when 
either manure or fertilizer was incorporated. Disking or incorporation should therefore be 
encouraged to minimize contamination of surface water. Other management practices that 
should be followed include ground cover maintenance, avoiding application on fields with 
high slope or shortly before a rainfall event, maintaining buffers and riparian strips, and 
avoiding applications on frozen or snow covered soil. 
Results presented also showed that routine soil tests for P or the newly developed 
"environmental soil tests" can equally predict the concentrations and losses of P in runoff 
water. However, soils specific data are lacking for Iowa soils. Future research should 
address more specifically the threshold levels beyond which a given STP could be conducive 
to eutrophication. This should be conducted on soils of various types and of different 
fertilization histories in order to assess their saturation levels and thus the potential for P loss 




Table A-1. Runoff collection data for a 90-minute runoff event. 
The first entry indicates the time rain started. The first time interval (minutes) 
indicates the onset of runofif measured from the start of rain. The last time 
interval was adjusted to sum the event to 90 minutes. Time in seconds is the 
collection time for the indicated weight of water (includes bucket weight of 
365 g), flow rate Q is based on plot area of 137,300 cm^ average flow rate is 
the arithmetic average of flow rates of the current time interval and the one 
preceding it (except for the first interval where it is equal to the flow rate of 
that interval), flow is the product of the average flow rate and the time 
interval. 


















Start Rain 9:45:30 
9.0 9:54:30 60 9:55:30 4204 1.68 1.68 0.03 
5.0 10:00:30 30 10:01:00 5847 4.79 3.23 0.27 
10.0 10:11:00 30 10:11:30 6060 4.98 4.88 0.81 
10.0 10:21:30 30 10:22:00 6270 5.16 5.07 0.84 
15.0 10:37:00 25 10:37:25 5915 5.82 5.49 1.37 
15.0 10:52:25 25 10:52:50 5675 5.57 5.69 1.42 
26.0 11:11:30 25 11:11:55 5914 5.82 5.69 2.47 
90.0 7.22 
PLOT: ALBF 
Time interval Clock Begins Time Clock Ends Weight Q avgQ Flow 
min hourmin;sec sec hourmin:sec 9 cm hr' cm hr' cm 
Start Rain 12:08:00 
7.0 12:15:45 90 12:17:15 5314 1.44 1.44 0.04 
5.0 12:22:15 30 12:22:45 4588 3.69 2.57 0.21 
10.0 12:32:45 25 12:33:10 5680 5.57 4.63 0.77 
10.0 12:43:10 20 12:43:30 4488 5.41 5.49 0.91 
15.0 12:58:30 20 12:58:50 4645 5.61 5.51 1.38 
15.0 13:13:35 20 13:13:55 4484 5.40 5.51 1.38 
15.0 13:29:00 20 13:29:20 4758 5.76 5.58 1.39 
13.0 13:37:00 20 13:37:20 4615 5.57 5.67 1.23 
90.0 7.31 
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Table A-1 -2: Runoff collection data for plots AHBM and ALIM. 
PLOT: AHBM 
Time interval Cloci( Time Clock Ends Weiglit Q avgQ Flow 
min hrminrsec sec hnmin:sec 9 cm hr'^ cm hf^ cm 
Start Rain 9:45:30 
11.5 9:57:00 120 9:59:00 3381 0.66 0.66 0.02 
5.0 10:04:00 30 10:04:30 3318 2.58 1.62 0.13 
10.0 10:14:30 35 10:15:05 5586 3.91 3.25 0.54 
10.0 10:25:05 30 10:25:35 5515 4.50 4.21 0.70 
15.0 10:40:35 30 10:41:01 5933 4.87 4.68 1.17 
15.0 10:56:05 25 10:56:30 5347 5.23 5.05 1.26 
23.5 11:11:30 25 11:11:55 5365 5.24 5.23 2.05 
90.0 5.88 
PLOT: ALIM 
Time interval Clock Time Clock Ends Weight Q avgQ Flow 
min hrmin:sec sec hrnfiin:sec 9 cm hr'^ cm hr"' cm 
Start Rain 12:08:00 
17.0 12:25:15 120 12:27:15 2068 0.37 0.37 0.01 
5.0 12:32:15 30 12:32:45 3445 2.69 1.53 0.13 
10.0 12:42:45 30 12:43:15 5275 4.29 3.49 0.58 
10.0 12:53:15 30 12:53:45 5644 4.61 4.45 0.74 
15.0 13:08:45 30 1:09:15 5863 4.81 4.71 1.18 
15.0 13:24:15 30 1:24:45 6160 5.06 4.94 1.23 
18.0 13:37:00 30 1:37:30 6222 5.12 5.09 1.53 
90.0 5.40 
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Table A-1 -3: Runoff collection data for plots AHIF and ALIF. 
PLOT: AHIF 
Time interval Clock Time Ck>ck Weight Q avgQ Flow 
min hrminisec sec hrmin:sec g cm hr' cm hr ^ cm 
Start Rain 9:45:30 
15.0 10:00:50 180 10:03:50 2677 0.34 0.34 0.02 
5.0 10.08:50 45 10:09:35 4197 2.23 1.28 0.11 
10.0 10:19:35 30 10:20:05 5500 4.49 3.36 0.56 
10.0 10:30:05 30 10:30:35 6166 5.07 4.78 0.80 
15.0 10:45:05 30 10:45:35 6412 5.29 5.18 1.29 
15.0 11:00:35 25 11:01:00 5999 5.91 5.60 1.40 
20.0 11:11:30 25 11:11:55 5669 5.56 5.74 1.91 
90.0 6.09 
PLOT: ALIF 
Time interval Clock Time Clock Weight Q avg Q Flow 
min hrmin:sec sec hrmin:sec g cm hr' cm hf' cm 
Start rain 12:08:00 
19.0 12:27:00 120 12:29:00 4993 1.01 1.01 0.03 
5.0 12:34:00 30 12:34:30 4575 3.68 2.35 0.20 
10.0 12:44:30 30 12:45:00 5895 4.83 4.26 0.71 
10.0 12:55:00 30 12:55:30 6478 5.34 5.09 0.85 
15.0 13:10:30 25 13:10:55 5751 5.65 5.50 1.37 
15.0 13:25:55 25 13:26:20 6474 6.41 6.03 1.51 
16.0 13:37:00 22 13:37:22 5250 5.82 6.11 1.63 
90.0 6.30 
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Table A-1-4: Runoff collection data for plots AHIM and ALBM. 
PLOT: AHIM 
Time Interval Clock Time Clock Weight Q avgQ Flow 
min hourminrsec sec hrmin:sec 9 cm hr' cm hr ^ cm 
Start Rain 9:45:30 
17.0 10:03:15 122 10:05:17 4630 0.92 0.92 0.03 
5.0 10:10:17 43 10:11:00 4501 2.52 1.72 0.14 
10.0 10:20:00 31 10:20:31 4245 3.28 2.90 0.48 
10.0 10:30:00 25 10:30:25 5224 5.10 4.19 0.70 
15.0 10:45:00 25 10:45:25 5492 5.38 5.24 1.31 
15.0 11:00:00 18 11:00:18 4472 5.98 5.68 1.42 
18.0 11:11:30 25 11:11:55 6110 6.03 6.00 1.80 
90.0 5.89 
PLOT: ALBM 
Time Interval Clock Time Clock Weight Q avg Q Flow 
min hourmin:sec sec hrmin:sec 9 cm hr ^ cm hr" ^ cm 
Start Rain 12:08:00 
7.0 12:15:35 150 12:18:05 5215 0.85 0.85 0.04 
5.0 12:23:05 25 12:23:30 3676 3.47 2.16 0.18 
10.0 12:33:30 25 12:33:45 4326 4.15 3.81 0.64 
10.0 12:43:45 25 12:44:10 RAAA w"f"f "f 5.33 4.74 0.79 
15.0 12:59:10 25 12:59:35 5835 5.74 5.53 1.38 
15.0 13:14:35 25 13:15:00 5740 5.64 5.69 1.42 
15.0 13:30:00 25 13:30:25 5990 5.90 5.77 1.44 
13.0 13:37:00 25 13:37:25 6026 5.94 5.92 1.28 
90.0 7.17 
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Start rain 9:02:00 
10.0 9:12:20 120 9:14:20 2500 0.47 0.47 0.02 
5.0 9:19:20 30 9:19:50 4173 3.33 1.90 0.16 
10.0 9:29:50 30 9:30:20 5327 4.34 3.83 0.64 
10.0 9:40:20 30 9:40:50 5835 4.78 4.56 0.76 
15.0 9:55:50 30 9:56:20 6162 5.07 4.92 1.23 
15.0 10:11:20 30 10:11:50 6668 5.51 5.29 1.32 
25.0 10:30:00 30 10:30:30 6896 5.71 5.61 2.34 
90.0 6.46 
LOT: BHIF 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin:sec sec hrmin:sec g cm hr"' cm hr' cm 
Start rain 11:20:00 
13.0 11:33:00 180 11:36:00 3518 0.46 0.46 0.02 
5.0 11:41:00 45 11:41:45 3383 1.76 1.11 0.09 
10.0 11:51:45 30 11:52:15 5654 4.62 3.19 0.53 
10.0 12:02:15 30 12:02:45 6006 4.93 4.78 0.80 
15.0 12:17:45 30 12:18:15 6210 5.11 5.02 1.25 
15.0 12:33:15 30 12:33:45 6516 5.38 5.24 1.31 
22.0 12:48:00 30 12:48:30 6826 5.65 5.51 2.02 
90.0 6.03 
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Table A-1 -6; Runoff collection data for plots BLBM and BHBM. 
PLOT: BLBM 
Time Interval Clock Time Clock Weight Q avgQ Flow 
min hrminisec sec hrmin:sec 9 cm hr ^ cm hr' cm 
Start rain 9:02:00 
19.0 9:21:10 265 9:25:55 4761 0.43 0.43 0.03 
5.0 9:30:15 25 9:31:20 3087 2.85 1.64 0.14 
10.0 9:41:20 25 9:41:45 3774 3.58 3.22 0.54 
10.0 9:51:45 25 9:52:10 4574 4.41 3.99 0.67 
15.0 10:07:10 25 10:07:35 4923 4.78 4.60 1.15 
15.0 10:22:35 25 10:23:00 5431 5.31 5.05 1.26 
16.0 10:30:00 25 10:30:25 5584 5.47 5.39 1.44 
90.0 5.22 
PLOT; BHBM 
Time Interval Clock Time Clock Weight Q avgQ Flow 
min hrmin:sec sec hr.min:sec 9 cm hf ^ cm hr ^ cm 
Start Rain 11:20:00 
23.0 11:43:00 265 11:47:25 5341 0.49 0.49 0.04 
5.0 11:52.25 25 11.52:50 3016 2.78 1.64 0.14 
10.0 12:02:50 25 12:03:15 3822 3.63 3.20 0.53 
10.0 12:13:15 25 12:13:40 3986 3.80 3.71 0.62 
15.0 12:28:35 25 12:29.00 4622 4.46 4.13 1.03 
15.0 12:44:00 25 12:44:25 5210 5.08 4.77 1.19 
12.0 12:59:25 25 12:59:50 4755 4.60 4.84 0.97 
90.0 4.52 
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Table A-1 -7; Runoff collection data for plots BLIF and BHIM. 
PLOT: BLIF 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin;sec sec hr.min:sec g cm hf' cmhr'^ cm 
Start rain 9:02:00 
13.0 9:15:15 180 9:18:15 1895 0.22 0.22 0.01 
5.0 9:23:15 60 9.24:15 4628 1.86 1.04 0.09 
10.0 9:34:15 30 9:34:45 4664 3.76 2.81 0.47 
10.0 9:44:15 30 9:44:45 5350 4.36 4.06 0.68 
15.0 10:00:00 30 10:00:30 6498 5.36 4.86 1.21 
15.0 10:15:30 30 10:16:00 5992 4.92 5.14 1.28 
22.0 10:30:00 30 10:30:30 6242 5.14 5.03 1.84 
90.0 5.59 
PLOT: BHIM 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin:sec sec hrmin:sec 9 cm hr ^ cm hr^ cm 
Start rain 11:20:00 
17.0 11:37:45 180 11:40:45 2105 0.25 0.25 0.01 
5.0 11:45:45 30 11:46:15 4240 3.39 1.82 0.15 
10.0 11:56:15 30 11:56:45 5107 4.14 3.77 0.63 
10.0 12:06:45 30 12:07:15 5770 4.72 4.43 0.74 
15.0 12:22:30 30 12:23:00 5975 4.90 4.81 1.20 
16.0 12:39:10 30 12:39:30 5906 4.84 4.87 1.30 
17.0 12:48:00 30 12:48:30 4750 3.83 4.34 1.23 
90.0 5.26 
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Table A-1 -8; Runoff collection data for plots BLIM and BHBF. 
PLOT: BLIM 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin.sec sec hrmin:sec 9 cm hf' cm hr'^ cm 
Start rain 9:02:00 
12.0 9:14:00 300 9:19:00 2737 0.21 0.21 0.02 
5.0 9:24:00 45 9:24:45 4301 2.29 1.25 0.10 
10.0 9:34:45 30 9:35:15 5615 4.59 3.44 0.57 
10.0 9:45:15 25 9:45:40 5147 5.02 4.80 0.80 
15.0 10:00:40 30 10:01:10 6610 5.46 5.24 1.31 
15.0 10:16:10 30 10:16:10 6678 5.52 5.49 1.37 
23.0 10:30:00 25 10:30:25 5441 5.32 5.42 2.08 
90.0 6.25 
PLOT: BHBF 
Time interval Clock Time Clock Weight Q avg Q Flow 
min hrmin:sec sec hrmin:sec g cm hr ^ cm hr' cm 
Stant Rain 11:20:00 
12.0 11:32:00 180 11:35:00 5375 0.73 0.73 0.04 
5.0 11:40:00 30 11:40:30 3450 2.70 1.71 0.14 
10.0 11:50:30 30 11:51:00 4505 3.62 3.16 0.53 
10.0 12:01:00 30 12:01:30 5035 4.08 3.85 0.64 
15.0 12:16:30 30 12:17:00 5324 4.33 4.21 1.05 
15.0 12:32:00 30 12:32:30 5519 4.50 4.42 1.10 
23.0 12:48:00 30 12:48:30 5430 4.43 4.47 1.71 
90.0 5.22 
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Table A-1-9: Runoff collection data for plots CHBF and CLIM. 
PLOT: CHBF 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrminrsec sec hrmin:sec g cm hr'^ cm hr' cm 
Start rain 9:48:00 
10.0 9:58:40 116 10:00:36 5920 1.26 1.26 0.04 
2.5 10:03:00 25 10:03:25 5516 5.40 3.33 0.14 
10.0 10:13:00 25 10:13:25 5671 5.56 5.48 0.91 
10.0 10:23:00 23 10:23:23 5767 6.16 5.86 0.98 
15.0 10:38:00 21 10:38:21 5334 6.20 6.18 1.55 
15.0 10:53:00 24 10:53:24 6040 6.20 6.20 1.55 
15.0 11:08:00 19 11:08:19 4950 6.33 6.26 1.57 
12.5 11:23:00 21 11:23:21 5311 6.18 6.25 1.30 
90.0 8.03 
Plot:CLIM 
Time interval Clock Time Clock Weight Q avg Q Flow 
min hrmin:sec sec hr:nnin:sec 9 cm hr ^ cm hr ^ cm 
Start rain 1:20:00 
23.0 1:43:00 180 1:46:00 5561 0.76 0.76 0.04 
2.0 1:48:00 65 1.49:05 4775 1.78 1.27 0.04 
9.0 1:58:00 51 1:58:51 5059 2.41 2.10 0.31 
9.0 2:08:00 26 2:08:26 4941 4.61 3.51 0.53 
15.0 2:23:00 24 2:23:24 4980 5.04 4.83 1.21 
15.0 2:38:00 23 2:38:23 5477 5.83 5.43 1.36 
5.0 2:43:00 21 2:43:21 5302 6.16 6.00 0.50 
12.0 2:49:00 20 2:49:20 5123 6.24 6.20 1.24 
90.0 5.23 
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Table A-1-10: Runoff collection data for plots CHBM and CLIP. 
PLOT: CHBM 
Time interval Cloek Time Clock Weight 0 avg Q Flow 
min hrminisec sec hrmin:sec g cm hr' cm hr' cm 
Start Rain 9:48:00 
14 10:02:00 52 10:03:37 6356 3.02 3.02 0.04 
5 10:07:45 38 10:08:24 6460 4.21 3.61 0.25 
10 10:18:24 27 10:18:51 6378 5.84 5.02 0.84 
10 10:28:51 24 10:29:15 5903 6.05 5.94 0.99 
15 10:44:15 20 10:44:35 5406 6.61 6.33 1.58 
15 10:59:35 20 10:59:55 4979 6.05 6.33 1.58 
15 11:14:55 20 11:15:15 5102 6.21 6.13 1.53 
6 11:23:00 20 11:23:20 5300 6.47 6.34 0.63 
90.0 7.45 
PLOT: CLIP 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin:sec sec hnnfiin:sec 9 cm hr'^ cm hf' cm 
Start Rain 1:20:00 
23.0 1:43:30 180 1:46:30 1111 0.11 0.11 0.01 
5.0 1:51:30 60 1:52:30 3149 1.22 0.66 0.06 
10.0 2:02:30 30 2:03:00 4725 3.81 2.51 0.42 
10.0 2:12:30 30 2:13:00 6168 5.07 4.44 0.74 
15.0 2:28:00 30 2:28:30 6680 5.52 5.30 1.32 
15.0 2:43:30 25 2:43:55 5585 5.47 5.50 1.37 
12.0 2:58:55 20 2:59:15 4954 6.02 5.75 1.15 
90.0 5.07 
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Table A-l-l 1: Runoff collection data for plots CHIP and CLBM. 
PLOT: CHIP 
Time interval Clock Begins Time Clock Ends Weight Q avg Q Plow 
min hrmin:sec sec hrmin:sec g cm hr ^ cm hr' cm 
Start rain 9:48:00 
17.0 10:05:30 150 10:08:00 2062 0.30 0.30 0.01 
5.0 10:10:30 60 10:11:30 3823 1.51 0.90 0.08 
10.0 10:21:30 30 10:22:00 4359 3.49 2.50 0.42 
10.0 10:32:00 30 10:32:30 5873 4.81 4.15 0.69 
15.0 10:47:30 30 10:48:00 5891 4.83 4.82 1.21 
15.0 11:03:00 30 11:03:30 6410 5.28 5.06 1.26 
15.0 11:18:30 30 11:19:00 6446 5.31 5.30 1.32 
3.0 11:23:00 30 11:23:30 6402 5.28 5.30 0.26 
90.0 5.26 
PLOT: CLBM 
Time interval Clock Begins Time Clock Ends Weight Q avgQ Plow 
min hrmin:sec sec hr.min:sec g cm hr"^ cm hr ^ cm 
Start rain 1:20:00 
14.0 1:34:15 120 1:36:15 4703 0.95 0.95 0.03 
5.0 1:41:15 30 1:41:45 3368 2.62 1.79 0.15 
10.0 1:51:45 30 1:52:15 5733 4.69 3.66 0.61 
10.0 2:02:15 30 2:02:45 5400 4.40 4.55 0.76 
15.0 2:17:45 30 2:18:15 6550 5.41 4.90 1.23 
15.0 2:33:15 20 2:33:35 4979 6.05 5.73 1.43 
21.0 2:48:35 20 2:48:55 5314 6.49 6.27 2.19 
90.0 6.40 
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Table A-1-12: Runoff collection data for plots CHIM and CLBF. 
PLOT: CHIM 
Time interval Clock Time Clock Weight Q avgQ Flow 
min hrmin:sec sec hrmin:sec 9 cm hf ^ cm hf ^ cm 
Start rain 9:48:00 
18.0 10:06:00 240 10:10:00 4904 0.50 0.50 0.03 
5.0 10:15:00 120 10:17.00 5128 1.04 0.77 0.06 
10.0 10:27:00 40 10:27:40 5934 3.65 2.35 0.39 
10.0 10:37:00 30 10:37:30 4802 3.88 3.76 0.63 
19.0 10:56:00 30 10:56:30 5277 4.29 4.09 1.29 
15.0 11:11:00 30 11:11:30 5652 4.62 4.46 1.11 
13.0 11:23:00 30 11:23:30 5688 4.65 4.64 1.00 
90.0 4.53 
PLOT: CLBF 
Time interval Clock Time Clock Weight Q avg Q Flow 
min hrmin:sec sec hrmin:sec 9 cm hr ^ cm hr' cm 
Start rain 1:20:00 
7.0 1:27:30 150 1:30:00 6840 1.13 1.13 0.05 
5.0 1:35:00 25 1:35:25 5329 5.21 3.17 0.26 
10.0 1:45:25 25 1:45:50 5928 5.83 5.52 0.92 
10.0 1:55:50 20 1:56:10 4925 5.98 5.91 0.98 
15.0 2:11:10 25 2:11:35 5489 5.37 5.68 1.42 
15.0 2:26:35 25 2:27:00 5904 5.81 5.59 1.40 
15.0 2:42:00 25 2:42:25 5983 5.89 5.85 1.46 
13.0 2:57:25 25 2:57:25 6068 5.98 5.94 1.29 
90.0 7.78 
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Table A-2. Rimoff data for flow, total solids (TS), total dissolved solids (TDS), TP, and 
TDP used to calculate flow-weighted mass losses of total suspended solids 
(TSS) and particulate P (PP). 
Flow TDP TP TS TDS TSS Weight PP TSS PP 
PLOT Sample cm - mg L'' 9 mg kg'^ kg ha"^ kg ha" 
AHBF 1 0.03 13.64 81.44 8655 860 7795 4204 8713 22 0.2 
AHBF 2 0.27 8.74 123.12 8071 810 7261 5847 15761 196 3.1 
AHBF 3 0.81 4.87 86.04 7960 1030 6930 6060 11718 564 6.6 
AHBF 4 0.84 4.11 45.36 7786 1295 6491 6270 6360 548 3.5 
AHBF 5 1.37 3.26 29.42 7324 1305 6019 5915 4350 826 3.6 
AHBF 6 1.42 2.87 43.44 7219 1030 6189 5675 6558 881 5.8 
AHBF 7 2.47 3.40 23.46 6875 1250 5625 5914 3570 1388 5.0 
Total 4425 27.7 
AHBM 1 0.02 3.82 48.64 5269 1200 4069 3381 11021 9 0.1 
AHBM 2 0.13 3.69 44.72 4412 1495 2917 3318 14072 39 0.6 
AHBM 3 0.54 3.25 25.78 5644 1390 4254 5586 5300 230 1.2 
AHBM 4 0.70 2.33 35.04 5210 1215 3995 5515 8191 280 2.3 
AHBM 5 1.17 2.18 14.21 5759 1225 4534 5933 2656 531 1.4 
AHBM 6 1.26 1.95 12.02 5883 1280 4603 5347 2190 581 1.3 
AHBM 7 2.05 2.02 13.43 6517 1330 5187 5365 2202 1063 2.3 
Total 2734 9.2 
AHIF 1 0.02 2.33 16.10 9031 1085 7946 2677 1736 13 0.0 
AHIF 2 0.11 2.21 27.32 10524 1260 9264 4197 2713 99 0.3 
AHIF 3 0.56 2.24 32.50 11145 1230 9915 5500 3055 555 1.7 
AHIF 4 0.80 1.90 25.74 9527 1180 8347 6166 2858 665 1.9 
AHIF 5 1.29 1.80 11.29 8004 1225 6779 6412 1402 878 1.2 
AHIF 6 1.40 1.57 11.12 8000 1610 6390 5999 1496 894 1.3 
AHIF 7 1.91 1.44 15.10 8215 1345 6870 5669 1990 1314 2.6 
Total 4418 9.1 
AHIM 1 0.03 0.84 13.08 6345 1130 5215 4630 2348 16 0.0 
AHIM 2 0.14 0.66 17.00 8283 1335 6948 4501 2353 100 0.2 
AHIM 3 0.48 0.69 7.89 4231 1320 2911 4245 2474 141 0.3 
AHIM 4 0.70 0.67 9.92 4266 1310 2956 5224 3130 206 0.6 
AHIM 5 1.31 0.66 8.99 7062 1270 5792 5492 1439 758 1.1 
AHIM 6 1.42 0.70 11.97 6458 1510 4948 4472 2279 703 1.6 
AHIM 7 1.80 0.71 7.27 4096 1455 2641 6110 2485 476 1.2 
Total 2399 5.1 
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TDP TP TS 
- mg L'^ 
TDS TSS Weight 
g 
PP 
mg kg ' 
TSS PP 
kg ha'^ kg ha 
ALBF 1 0.04 5.81 97.12 10903 2095 8808 5314 10374 32 0.3 
ALBF 2 0.21 5.08 42.44 11277 1580 9697 4588 3859 207 0.8 
ALBF 3 0.77 4.39 23.31 10773 1630 9143 5680 2075 706 1.5 
ALBF 4 0.91 3.98 18.34 11802 1640 10162 4488 1418 930 1.3 
ALBF 5 1.38 3.61 16.56 10406 2940 7466 4645 1740 1028 1.8 
ALBF 6 1.38 3.12 20.21 9027 1935 7092 4484 2414 976 2.4 
ALBF 7 1.39 2.84 10.93 8000 1910 6090 4758 1332 850 1.1 
ALBF 8 1.23 2.50 10.00 7000 1900 5100 4615 1474 626 0.9 
Total 5355 10.1 
ALBM 1 0.04 3.59 18.11 7162 1885 5277 5215 2756 19 0.1 
ALBM 2 0.18 2.95 17.64 7630 2275 5355 3676 2748 96 0.3 
ALBM 3 0.64 2.16 14.28 7481 1840 5641 4326 2151 359 0.8 
ALBM 4 0.79 1.84 11.12 8947 2015 6932 5444 1341 548 0.7 
ALBM 5 1.38 1.77 9.98 9481 2250 7231 5835 1138 1000 1.1 
ALBM 6 1.42 1.54 9.95 8290 2390 5900 5740 1428 839 1.2 
ALBM 7 1.44 1.35 8.45 6762 2330 4432 5990 1604 639 1.0 
ALBM 8 1.28 1.10 7.50 6000 2270 3730 6026 1718 478 0.8 
Total 3977 6.0 
ALIF 1 0.03 1.86 14.04 11096 1725 9371 4993 1302 32 0.0 
ALIF 2 0.20 2.82 19.59 9669 2540 7129 4575 2356 139 0.3 
ALIF 3 0.71 2.69 11.45 12552 2785 9767 5895 900 693 0.6 
ALIF 4 0.85 1.69 9.28 11001 2930 8071 6478 943 684 0.6 
ALIF 5 1.37 1.54 7.19 10278 2635 7643 5751 741 1050 0.8 
ALIF 6 1.51 1.35 6.09 7724 2320 5404 6474 879 814 0.7 
ALIF 7 1.63 1.25 6.38 7275 1905 5370 5250 957 876 0.8 
Total 4288 4.0 
ALIM 1 0.01 0.32 4.03 5178 895 4283 2068 867 5 0.0 
ALIM 2 0.13 0.82 6.21 7137 2675 4462 3445 1209 57 0.1 
ALIM 3 0.58 0.78 10.44 10737 2490 8247 5275 1172 480 0.6 
ALIM 4 0.74 0.83 8.07 10195 3220 6975 5644 1039 518 0.5 
ALIM 5 1.18 0.80 7.74 10211 1445 8766 5863 793 1032 0.8 
ALIM 6 1.23 0.77 7.06 9162 1765 7397 6160 851 913 0.8 
ALIM 7 1.53 0.70 7.10 8265 2085 6180 6222 1037 944 1.0 
Total 3949 3.7 
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Table A-2. (continued) 
Fiow TOP TP fs TDS TSS Weight PP TSS PP" 
PLOT Sample cm mgL'^ g mg kg'^ kg ha"' kg ha*^ 
BHBF 1 0.04 6.96 61.12 13794 1155 12639 5375 4293 46 0.2 
BHBF 2 0.14 6.06 58.32 9832 1410 8422 3450 6212 120 0.7 
BHBF 3 0.53 4.64 36.80 8994 1355 7639 4505 4215 402 1.7 
BHBF 4 0.64 3.94 43.44 8272 1400 6872 5035 5753 441 2.5 
BHBF 5 1.05 3.81 30.30 8993 1385 7608 5324 3486 800 2.8 
BHBF 6 1.10 3.33 28.40 7662 1545 6117 5519 4103 676 2.8 
BHBF 7 1.71 3.15 30.42 7048 1435 5613 5430 4862 961 4.7 
Total 3446 15.4 
BHBM 1 0.04 3.84 22.86 6638 2005 4633 5341 4111 17 0.1 
BHBM 2 0.14 4.28 21.98 5319 1835 3484 3016 5088 48 0.2 
BHBM 3 0.53 3.75 21.76 5543 1680 3863 3822 4667 206 1.0 
BHBM 4 0.62 3.09 17.32 5549 1535 4014 3986 3549 248 0.9 
BHBM 5 1.03 2.66 14.96 5596 1410 4186 4622 2942 432 1.3 
BHBM 6 1.19 2.34 12.08 5746 1565 4181 5210 2333 499 1.2 
BHBM 7 0.97 1.95 10.00 5500 1500 4000 4755 2015 387 0.8 
Total 1838 5.4 
BHIF 1 0.02 3.49 28.92 13026 1720 11306 3518 2253 26 0.1 
BHIF 2 0.09 3.55 40.40 15298 1470 13828 3383 2669 128 0.3 
BHIF 3 0.53 3.26 31.68 16631 1420 15211 5654 1872 809 1.5 
BHIF 4 0.80 2.84 36.80 16165 1440 14725 6006 2309 1172 2.7 
BHIF 5 1.25 2.34 30.44 12802 1435 11367 6210 2475 1426 3.5 
BHIF 6 1.31 2.00 17.22 11996 1585 10411 6516 1464 1364 2.0 
BHIF 7 2.02 1.78 16.26 9846 1450 8396 6826 1727 1697 2.9 
Total 6622 13.1 
BHIM 1 0.01 0.49 7.50 7080 1100 5980 2105 1173 8 0.0 
BHIM 2 0.15 1.25 20.00 11677 2070 9607 4240 1953 146 0.3 
BHIM 3 0.63 1.38 7.59 11754 1600 10154 5107 613 637 0.4 
BHIM 4 0.74 1.27 20.88 11206 1525 9681 5770 2027 715 1.5 
BHIM 5 1.20 1.24 19.36 11002 1450 9552 5975 1898 1149 2.2 
BHIM 6 1.30 1.19 13.14 9603 1595 8008 5906 1494 1041 1.6 
BHIM 7 1.23 0.88 14.96 7912 1475 6437 4750 2188 791 1.7 
Total 4487 7.6 
BLBF 1 0.02 3.97 24.85 9858 2520 7338 2500 2851 11 0.0 
BLBF 2 0.16 4.63 30.07 13228 1970 11258 4173 2265 178 0.4 
BLBF 3 0.64 3.75 24.04 12754 2015 10739 5327 1894 686 1.3 
BLBF 4 0.76 3.15 19.25 11285 1325 9960 5835 1620 757 1.2 
BLBF 5 1.23 2.71 17.76 11525 1310 10215 6162 1476 1257 1.9 
BLBF 6 1.32 2.39 14.40 9283 1595 7688 6668 1565 1016 1.6 
BLBF 7 2.34 2.17 14.33 10034 1335 8699 6896 1400 2033 2.8 
Total 5939 9.3 
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TDP TP TS 
- mg L '-








BLBM 1 0.03 1.59 10.85 7702 2595 5107 4761 1816 16 0.0 
BLBM 2 0.14 1.88 11.41 6992 1890 5102 3087 1870 70 0.1 
BLBM 3 0.54 1.79 10.30 7095 1750 5345 3774 1594 286 0.5 
BLBM 4 0.67 1.49 9.08 6553 1435 5118 4574 1485 341 0.5 
BLBM 5 1.15 1.33 8.51 7354 1325 6029 4923 1193 693 0.8 
BLBM 6 1.26 0.64 8.41 7121 1680 5441 5431 1429 686 1.0 
BLBM 7 1.44 1.03 9.14 7049 1425 5624 5584 1443 809 1.2 
Total 2902 4.1 
BLIP 1 0.01 0.23 6.98 6910 1650 5260 1895 1284 6 0.0 
BLIP 2 0.09 1.07 15.02 14432 2350 12082 4628 1156 105 0.1 
BLIP 3 0.47 1.97 16.43 13254 1805 11449 4664 1265 536 0.7 
BLIP 4 0.68 1.44 13.81 11833 1460 10373 5350 1194 701 0.8 
BLIP 5 1.21 1.25 11.88 11232 1430 9802 6498 1086 1191 1.3 
BLIP 6 1.28 1.14 12.55 11242 1505 9737 5992 1173 1251 1.5 
BLIP 7 1.84 1.01 10.40 10027 1580 8447 6242 1113 1557 1.7 
Total 5347 6.1 
BUM 1 0.02 0.31 4.76 7028 2345 4683 2737 951 8 0.0 
BUM 2 0.10 0.90 14.65 15550 2375 13175 4301 1045 137 0.1 
BUM 3 0.57 0.87 13.87 15079 2225 12854 5615 1012 737 0.7 
BUM 4 0.80 0.83 10.61 12335 1675 10660 5147 918 853 0.8 
BUM 5 1.31 0.65 10.59 10626 1460 9166 6610 1085 1200 1.3 
BUM 6 1.37 0.62 9.63 11065 1620 9445 6678 955 1296 1.2 
BLIM 7 2.08 0.55 9.54 9708 1580 8128 5441 1107 1689 1.9 
Total 5920 6.1 
CHBP 1 0.04 10.15 94.72 11757 885 10872 5920 7789 44 0.3 
CHBP 2 0.14 7.92 95.84 11034 875 10159 5516 8663 141 1.2 
CHBP 3 0.91 6.26 51.96 9652 910 8742 5671 5234 799 4.2 
CHBP 4 0.98 4.95 35.64 8149 870 7279 5767 4222 711 3.0 
CHBP 5 1.55 4.00 27.96 7198 900 6298 5334 3809 973 3.7 
CHBP 6 1.55 3.50 33.96 6170 860 5310 6040 5741 823 4.7 
CHBP 7 1.57 3.93 17.39 7481 1765 5716 4950 2360 895 2.1 
CHBP 8 1.30 4.18 15.84 8195 2345 5850 5311 1999 762 1.5 
Total 5148 20.8 
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Table A-2. (continued) 
Plow TDP TP TS TDS TSS Weight PR TSS PP 
PLOT Sample cm - mg L'^- 9 mg kg"' kg ha'' kg ha' 
CHBM 1 0.04 4.28 31.36 4502 1285 3217 6356 8424 14 0.1 
CHBM 2 0.25 3.87 31.48 4770 1150 3620 6460 7632 90 0.7 
CHBM 3 0.84 3.20 30.34 3555 1045 2510 6378 10817 210 2.3 
CHBM 4 0.99 2.55 31.74 3876 900 2976 5903 9812 295 2.9 
CHBM 5 1.58 2.36 17.85 4666 920 3746 5406 4138 593 2.5 
CHBM 6 1.58 2.15 18.05 4546 1100 3446 4979 4617 545 2.5 
CHBM 7 1.53 3.06 20.78 6171 2730 3441 5102 5155 527 2.7 
CHBM 8 0.63 3.40 15.36 7272 2560 4712 5300 2543 299 0.8 
Total 2573 14.4 
CHIP 1 0.01 1.63 4.53 3896 1055 2841 2062 1023 4 0.0 
CHIP 2 0.08 0.77 15.80 9246 995 8251 3823 1822 62 0.1 
CHIP 3 0.42 2.63 20.24 11851 975 10876 4359 1622 453 0.7 
CHIP 4 0.69 2.11 20.42 10340 910 9430 5873 1944 653 1.3 
CHIP 5 1.21 1.81 12.97 9441 955 8486 5891 1317 1023 1.3 
CHIP 6 1.26 1.59 12.12 7252 1335 5917 6410 1781 748 1.3 
CHIP 7 1.32 1.71 11.44 9007 2890 6117 6446 1593 810 1.3 
CHIP 8 0.26 1.66 14.85 8951 2390 6561 6402 2013 174 0.3 
Total 3927 6.4 
CHIM 1 0.03 0.90 17.84 8046 1130 6916 4904 2450 23 0.1 
CHIM 2 0.06 1.01 30.88 9032 1045 7987 5128 3741 51 0.2 
CHIM 3 0.39 1.33 12.63 10398 90S 9493 5934 1192 371 0.4 
CHIM 4 0.63 1.43 15.05 9811 900 8911 4802 1530 559 0.9 
CHIM 5 1.29 1.30 12.30 9264 890 8374 5277 1315 1083 1.4 
CHIM 6 1.11 1.36 12.86 9290 2340 6950 5652 1657 774 1.3 
CHIM 7 1.00 1.62 9.45 8250 1685 6565 5688 1195 659 0.8 
Total 3521 5.0 
CLBP 1 0.05 7.56 63.52 12422 1540 10882 6840 5151 51 0.3 
CLBP 2 0.26 6.01 42.48 10964 1435 9529 5329 3834 252 1.0 
CLBP 3 0.92 5.13 29.08 8922 1430 7492 5928 3203 689 2.2 
CLBP 4 0.98 4.05 24.34 9567 1405 8162 4925 2491 803 2.0 
CLBP 5 1.42 3.55 22.78 8953 1445 7508 5489 2566 1065 2.7 
CLBP 6 1.40 3.21 15.34 8265 1450 6815 5904 1784 953 1.7 
CLBP 7 1.46 2.82 10.07 5094 1315 3779 5983 1922 553 1.1 
CLBP 8 1.29 2.67 11.15 5763 1285 4478 6068 1897 576 1.1 
Total 4943 12.0 
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TDP TP TS 
- mg L'^-








CLBM 1 0.03 1.00 23.08 6231 2010 4221 4703 5233 13 0.1 
CLBM 2 0.15 1.40 16.21 6805 1810 4995 3368 2967 74 0.2 
CLBM 3 0.61 1.43 10.41 6839 1610 5229 5733 1719 319 0.5 
CLBM 4 0.76 1.18 9.55 6882 1515 5367 5400 1561 407 0.6 
CLBM 5 1.23 1.18 8.57 6720 1515 5205 6550 1421 638 0.9 
CLBM 6 1.43 0.54 7.03 6752 1500 5252 4979 1236 752 0.9 
CLBM 7 2.19 1.01 7.60 6062 1295 4767 5314 1384 1046 1.4 
Total 3249 4.8 
CLIP 1 0.01 0.43 6.24 7966 1570 6396 1111 909 3 0.0 
CLIP 2 0.06 1.66 18.56 9933 1520 8413 3149 2011 46 0.1 
CLIP 3 0.42 1.67 17.22 13842 1500 12342 4725 1262 517 0.7 
CLIP 4 0.74 1.73 13.26 11944 1460 10484 6168 1102 776 0.9 
CLIP 5 1.32 1.49 13.98 11508 1410 10098 6680 1239 1337 1.7 
CLIP 6 1.37 1.13 27.10 9859 1310 8549 5585 3039 1175 3.6 
CLIP 7 1.15 1.23 17.63 10479 1270 9209 4954 1782 1058 1.9 
Total 4913 8.7 
CUM 1 0.04 0.71 6.54 7266 1580 5686 5561 1026 22 0.0 
CUM 2 0.04 0.99 10.95 9447 1585 7862 4775 1268 33 0.0 
CUM 3 0.31 1.08 12.90 10628 1565 9063 5059 1305 285 0.4 
CUM 4 0.53 1.02 11.17 9497 1520 7977 4941 1274 420 0.5 
CUM 5 1.21 1.00 8.36 7894 1385 6509 4980 1132 786 0.9 
CUM 6 1.36 1.03 12.73 7263 1275 5988 5477 1955 814 1.6 
CUM 7 0.50 0.85 8.00 4000 1225 2775 5302 2578 139 0.4 
CUM 8 1.24 0.85 8.00 4000 1175 2825 5123 2532 350 0.9 
Total 2849 4.7 
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Table A-3. Concentration and mass losses ofP species in runofif samples. Total is the 
algebraic sum for mass losses and the flow-weighted for concentration. 
Flow DP DP TDP TDP TP TP BAP BAP 
PLOT Sample cm mg L"' gha'^ mgL'^ gha '  mg L"' gha '  mg L'^ g ha'^ 
AHBF 1 0.03 8.18 22.9 13.64 38.14 81.44 227.71 36.74 102.73 
AHBF 2 0.27 5.22 140.7 8.74 235.58 123.12 3318.55 29.87 805.11 
AHBF 3 0.81 3.13 254.8 4.87 396.45 86.04 7004.14 20.99 1708.71 
AHBF 4 0.84 2.41 203.6 4.11 347.24 45.36 3832.31 15.54 1312.92 
AHBF 5 1.37 1.94 266.3 3.26 447.51 29.42 4038.55 12.27 1684.33 
AHBF 6 1.42 2.35 334.6 2.87 408.61 43.44 6184.74 11.82 1682.86 
AHBF 7 2.47 2.27 560.1 3.40 838.98 23.46 5788.98 9.56 2359.02 
TOTAL kg ha'^ 7.22 2.47 1.78 3.76 2.71 42.10 30.39 13.37 9.66 
AHBM 1 0.02 2.62 5.8 3.82 8.39 48.64 106.85 13.83 30.38 
AHBM 2 0.13 2.91 39.3 3.69 49.81 44.72 603.70 11.80 159.30 
AHBM 3 0.54 2.69 145.5 3.25 175.83 25.78 1394.74 9.92 536.69 
AHBM 4 0.70 1.99 139.5 2.33 163.34 35.04 2456.41 7.47 523.67 
AHBM 5 1.17 1.71 200.2 2.18 255.26 14.21 1663.91 6.67 781.02 
AHBM 6 1.26 1.57 198.0 1.95 245.98 12.02 1516.25 5.37 677.39 
AHBM 7 2.05 1.78 364.9 2.02 414.14 13.43 2753.42 4.92 1008.70 
TOTAL kg ha"' 5.88 1.86 1.09 2.23 1.31 17.84 10.50 6.32 3.72 
AHIF 1 0.02 1.85 3.1 2.33 3.92 16.10 27.11 7.29 12.28 
AHIF 2 0.11 1.83 19.6 2.21 23.66 27.32 292.50 8.84 94.65 
AHIF 3 0.56 1.72 96.3 2.24 125.45 32.50 1820.21 9.71 543.82 
AHIF 4 0.80 1.49 118.7 1.90 151.34 25.74 2050.20 7.63 607.73 
AHIF 5 1.29 1.52 196.7 1.80 232.99 11.29 1461.37 5.58 722.27 
AHIF 6 1.40 1.55 216.9 1.57 219.68 11.12 1555.97 5.15 720.61 
AHIF 7 1.91 1.55 296.4 1.44 275.32 15.10 2887.06 4.50 860.38 
TOTAL kg ha"' 6.09 1.56 0.95 1.70 1.03 16.59 10.09 5.85 3.56 
AHIM 1 0.03 0.63 2.0 0.84 2.61 13.08 40.63 2.83 8.79 
AHIM 2 0.14 0.57 8.2 0.66 9.46 17.00 243.57 2.37 33.96 
AHIM 3 0.48 0.65 31.4 0.69 33.37 7.89 381.59 1.42 68.68 
AHIM 4 0.70 0.63 44.0 0.67 46.78 9.92 692.57 1.35 94.25 
AHIM 5 1.31 0.60 78.5 0.66 86.40 8.99 1176.94 2.00 261.83 
AHIM 6 1.42 0.59 83.8 0.70 99.40 11.97 1699.70 1.75 248.49 
AHIM 7 1.80 0.66 118.9 0.71 127.88 7.27 1309.46 1.16 208.94 
TOTAL kg ha"' 5.89 0.62 0.37 0.69 0.41 9.42 5.54 1.57 0.92 
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Table A-3. (continued) 
Flow DP DP TDP TDP TP TP BAP BAP 
PLOT Sample cm mg L*' g ha"' mg L"' gha"' mgL*' g ha*' mg L"' gha"' 
ALBF 1 0.04 3.91 14.1 5.81 20.94 97.12 350.07 25.16 90.69 
ALBF 2 0.21 3.70 79.1 5.08 108.64 42.44 907.63 25.16 538.08 
ALBF 3 0.77 2.89 223.1 4.39 338.95 23.31 1799.78 14.98 1156.61 
ALBF 4 0.91 2.57 235.1 3.98 364.16 18.34 1678.05 12.96 1185.80 
ALBF 5 1.38 2.24 308.5 3.61 497.11 16.56 2280.38 9.96 1371.53 
ALBF 6 1.38 1.95 268.4 3.12 429.43 20.21 2781.67 6.50 894.65 
ALBF 7 1.39 1.78 248.3 2.84 396.15 10.93 1524.63 5.72 797.88 
ALBF* 8* 1.23 1.50 184.1 2.50 306.88 10.00 1227.52 4.00 491.01 
TOTAL kg ha'^ 7.31 2.13 1.56 3.37 2.46 17.16 12.55 8.92 6.53 
ALBM 1 0.04 2.42 8.5 3.59 12.68 18.11 63.97 11.01 38.89 
ALBM 2 0.18 2.21 39.8 2.95 53.10 17.64 317.55 9.10 163.81 
ALBM 3 0.64 1.67 106.1 2.16 137.28 14.28 907.60 5.43 345.12 
ALBM 4 0.79 1.47 116.1 1.84 145.38 11.12 878.59 3.69 291.54 
ALBM 5 1.38 1.39 192.2 1.77 244.79 9.98 1380.21 3.20 442.55 
ALBM 6 1.42 1.23 174.9 1.54 218.95 9.95 1414.67 2.78 395.25 
ALBM 7 1.44 1.09 157.2 1.35 194.68 8.45 1218.57 2.16 311.49 
ALBM* 8* 1.28 0.80 102.6 1.10 141.05 7.50 961.73 1.60 205.17 
TOTAL kg ha"' 7.17 1.25 0.90 1.60 1.15 9.96 7.14 3.06 2.19 
ALIF 1 0.03 1.07 3.6 1.86 6.27 14.04 47.32 4.11 13.85 
ALIF 2 0.20 1.74 34.0 2.82 55.12 19.59 382.88 4.40 86.00 
ALIF 3 0.71 1.76 124.9 2.69 190.83 11.45 812.26 4.67 331.29 
ALIF 4 0.85 1.26 106.8 1.69 143.31 9.28 786.94 3.26 276.45 
ALIF 5 1.37 1.11 152.5 1.54 211.59 7.19 987.87 2.80 384.71 
ALIF 6 1.51 0.99 149.2 1.35 203.44 6.09 917.76 2.15 324.00 
ALIF 7 1.63 0.97 158.2 1.25 203.82 6.38 1040.29 2.06 335.89 
TOTAL kg ha"' 6.30 1.16 0.73 1.61 1.01 7.90 4.98 2.78 1.75 
ALIM 1 0.01 0.14 0.2 0.32 0.40 4.03 5.00 0.92 1.14 
ALIM 2 0.13 0.63 8.0 0.82 10.47 6.21 79.28 1.69 21.58 
ALIM 3 0.58 0.57 33.2 0.78 45.39 10.44 607.54 1.75 101.84 
ALIM 4 0.74 0.63 46.8 0.83 61.59 8.07 598.87 1.60 118.74 
ALIM 5 1.18 0.62 73.0 0.80 94.19 7.74 911.30 1.55 182.49 
ALIM 6 1.23 0.58 71.6 0.77 95.00 7.06 871.03 1.40 172.73 
ALIM 7 1.53 0.56 85.5 0.70 106.93 7.10 1084.58 1.31 200.11 
TOTAL kg ha"' 5.40 0.59 0.32 0.77 0.41 7.70 4.16 1.48 0.80 
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Table A-3. (continued) 
Flow DP DP TDP TDP TP TP BAP BAP 
PLOT Sample cm mg L"' gha*^ mg L*^ g ha*^ mgL'^ gha'^ mg L'^ gha '  
BHBF 1 0.04 5.01 18.3 6.96 25.40 61.12 223.02 25.81 94.18 
BHBF 2 0.14 4.09 58.4 6.06 86.51 58.32 832.54 22.30 318.34 
BHBF 3 0.53 2.96 155.8 4.64 244.17 36.80 1936.49 19.42 1021.92 
BHBF 4 0.64 2.40 154.0 3.94 252.81 43.44 2787.37 15.36 985.59 
BHBF 5 1.05 2.28 239.8 3.81 400.80 30.30 3187.46 14.50 1525.35 
BHBF 6 1.10 1.90 209.9 3.33 367.91 28.40 3137.76 11.85 1309.24 
BHBF 7 1.71 1.68 287.6 3.15 539.23 30.42 5207.45 10.38 1776.90 
TOTAL kg ha'^ 5.22 2.15 1.12 3.68 1.92 33.19 17.31 13.48 7.03 
BHBM 1 0.04 1.96 7.1 3.84 13.92 22.86 82.85 9.55 34.61 
BHBM 2 0.14 2.93 40.0 4.28 58.36 21.98 299.73 9.67 131.86 
BHBM 3 0.53 2.94 156.9 3.75 200.19 21.76 1161.63 9.25 493.80 
BHBM 4 0.62 2.78 172.0 3.09 191.15 17.32 1071.44 7.43 459.63 
BHBM 5 1.03 2.41 248.9 2.66 274.73 14.96 1545.07 6.93 715.73 
BHBM 6 1.19 2.09 249.4 2.34 279.23 12.08 1441.47 5.65 674.20 
BHBM* T 0.97 1.70 164.7 1.95 188.87 10.00 968.57 5.00 484.28 
TOTAL kg ha"^ 4.52 2.30 1.04 2.67 1.21 14.54 6.57 6.62 2.99 
BHIF 1 0.02 2.28 5.2 3.49 8.01 28.92 66.41 13.20 30.31 
BHIF 2 0.09 2.30 21.3 3.55 32.80 40.40 373.32 14.70 135.84 
BHIF 3 0.53 2.30 122.3 3.26 173.35 31.68 1684.60 14.26 758.28 
BHIF 4 0.80 2.06 164.0 2.84 226.08 36.80 2929.53 11.78 937.77 
BHIF 5 1.25 1.70 213.3 2.34 293.63 30.44 3819.74 8.19 1027.72 
BHIF 6 1.31 1.46 191.3 2.00 262.11 17.22 2256.79 6.36 833.52 
BHIF 7 2.02 1.23 248.6 1.78 359.71 16.26 3285.92 5.08 1026.60 
TOTAL kg ha"' 6.03 1.60 0.97 2.25 1.36 23.91 14.42 7.88 4.75 
BHIM 1 0.01 0.66 0.8 0.49 0.62 7.50 9.50 1.68 2.13 
BHIM 2 0.15 0.58 8.8 1.25 18.96 20.00 303.35 3.95 59.91 
BHIM 3 0.63 1.07 67.2 1.38 86.61 7.59 476.35 3.85 241.63 
BHIM 4 0.74 1.16 85.7 1.27 93.86 20.88 1543.11 3.64 269.01 
BHIM 5 1.20 1.14 137.2 1.24 149.22 19.36 2329.76 3.17 381.47 
BHIM 6 1.30 0.96 124.7 1.19 154.64 13.14 1707.49 2.64 343.06 
BHIM 7 1.23 0.82 100.8 0.88 108.15 14.96 1838.59 2.00 245.80 
TOTAL kg ha"^ 5.26 1.00 0.53 1.16 0.61 15.60 8.21 2.93 1.54 
BLBF 1 0.02 2.10 3.3 3.97 6.17 24.85 38.64 11.74 18.26 
BLBF 2 0.16 3.02 47.7 4.63 73.21 30.07 475.44 14.10 222.94 
BLBF 3 0.64 2.46 157.1 3.75 239.53 24.04 1535.55 12.80 817.60 
BLBF 4 0.76 1.94 147.4 3.15 239.34 19.25 1462.61 11.73 891.24 
BLBF 5 1.23 1.73 212.9 2.71 333.58 17.76 2186.11 8.41 1035.20 
BLBF 6 1.32 1.48 195.6 2.39 315.94 14.40 1903.57 7.08 935.92 
BLBF 7 2.34 1.45 338.8 2.17 507.10 14.33 3348.71 7.48 1747.97 
TOTAL kg ha"^ 6.46 1.71 1.10 2.65 1.71 16.95 10.95 8.77 5.67 
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Table A-3. (continued) 
Plow DP DP TDP TDP TP TP BAP BAP 
PLOT Sample cm mg L"' g ha*' mg L"' gha"' mg L*' gha"' mgL'^ gha'^ 
BLBM 1 0.03 1.09 3.5 1.59 5.09 10.85 34.74 4.38 14.02 
BLBM 2 0.14 1.64 22.5 1.88 25.77 11.41 156.40 4.74 64.97 
BLBM 3 0.54 1.63 87.3 1.79 95.92 10.30 551.92 4.24 227.20 
BLBM 4 0.67 1.38 91.9 1.49 99.21 9.08 604.56 3.34 222.38 
BLBM 5 1.15 1.25 143.7 1.33 152.86 8.51 978.10 3.17 364.34 
BLBM 6 1.26 1.08 136.3 0.64 80.75 8.41 1061.09 2.58 325.52 
BLBM 7 1.44 1.03 148.1 1.03 148.14 9.14 1314.56 2.33 335.11 
TOTAL kg ha'^ 5.22 1.21 0.63 1.16 0.61 9.01 4.70 2.98 1.55 
BLIP 1 0.01 0.24 0.3 0.23 0.26 6.98 7.78 0.88 0.98 
BLIP 2 0.09 1.25 10.9 1.07 9.30 15.02 130.54 6.19 53.80 
BLIP 3 0.47 1.40 65.6 1.97 92.27 16.43 769.51 6.61 309.58 
BLIP 4 0.68 1.12 75.7 1.44 97.37 13.81 933.81 5.67 383.40 
BLIP 5 1.21 1.03 125.1 1.25 151.83 11.88 1442.99 3.84 466.42 
BLIP 6 1.28 0.93 119.5 1.14 146.46 12.55 1612.40 3.21 412.41 
BLIP 7 1.84 0.86 158.5 1.01 186.18 10.40 1917.05 2.71 499.54 
TOTAL kg ha'^ 5.59 0.99 0.56 1.22 0.68 12.20 6.81 3.81 2.13 
BUM 1 0.02 0.29 0.5 0.31 0.54 4.76 8.22 0.91 1.57 
BUM 2 0.10 0.75 7.8 0.90 9.38 14.65 152.65 3.06 31.88 
BLIM 3 0.57 0.86 49.3 0.87 49.89 13.87 795.43 2.87 164.59 
BUM 4 0.80 0.74 59.2 0.83 66.43 10.61 849.14 2.29 183.27 
BUM 5 1.31 0.64 83.8 0.65 85.10 10.59 1386.43 1.99 260.53 
BUM 6 1.37 0.59 80.9 0.62 85.06 9.63 1321.20 1.75 240.09 
BLIM 7 2.08 0.55 114.3 0.55 114.28 9.54 1982.32 1.35 280.52 
TOTAL kg ha'^ 6.25 0.63 0.40 0.66 0.41 10.39 6.50 1.86 1.16 
CHBP 1 0.04 7.90 32.0 10.15 41.07 94.72 383.23 32.96 133.35 
CHBP 2 0.14 6.11 84.8 7.92 109.86 95.84 1329.38 26.76 371.18 
CHBP 3 0.91 4.66 425.9 6.26 572.13 51.96 4748.83 22.96 2098.41 
CHBP 4 0.98 3.46 338.0 4.95 483.58 35.64 3481.79 15.82 1545.51 
CHBP 5 1.55 2.70 417.2 4.00 618.12 27.96 4320.66 14.52 2243.78 
CHBP 6 1.55 2.29 355.1 3.50 542.68 33.96 5265.53 10.22 1584.62 
CHBP 7 1.57 2.48 388.3 3.93 615.40 17.39 2723.10 10.73 1680.21 
CHBP 8 1.30 2.54 330.8 4.18 544.39 15.84 2062.95 12.18 1586.28 
TOTAL kg ha"' 8.03 2.95 2.37 4.39 3.53 30.27 24.32 13.99 11.24 
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Table A-3. (continued) 
Flow DP DP TOP TDP TP TP BAP BAP 
PLOT Sample cm mg L'' gha"' mgL"' g ha"' mg L"' gha"' mg L"' gha"' 
CHBM 1 0.04 2.66 11.6 4.28 18.68 31.36 136.84 12.50 54.54 
CHBM 2 0.25 2.49 62.0 3.87 96.33 31.48 783.56 12.58 313.13 
CHBM 3 0.84 2.33 195.0 3.20 267.86 30.34 2539.67 10.48 877.25 
CHBM 4 0.99 2.02 200.1 2.55 252.65 31.74 3144.78 8.68 860.01 
CHBM 5 1.58 1.87 295.9 2.36 373.44 17.85 2824.54 7.53 1191.53 
CHBM 6 1.58 1.69 267.4 2.15 340.18 18.05 2855.89 6.31 998.37 
CHBM 7 1.53 2.55 390.8 3.06 468.91 20.78 3184.31 5.91 905.64 
CHBM 8 0.63 3.00 190.2 3.40 215.56 15.36 973.82 6.24 395.62 
TOTAL kg ha'^ 7.45 2.16 1.61 2.73 2.03 22.07 16.44 7.51 5.60 
CHIP 1 0.01 1.28 1.6 1.63 2.01 4.53 5.60 1.44 1.78 
CHIP 2 0.08 0.52 3.9 0.77 5.80 15.80 119.01 3.51 26.44 
CHIP 3 0.42 2.07 86.3 2.63 109.62 20.24 843.65 7.08 295.11 
CHIP 4 0.69 1.60 110.7 2.11 146.02 20.42 1413.19 6.03 417.31 
CHIP 5 1.21 1.39 167.6 1.81 218.19 12.97 1563.48 4.73 570.18 
CHIP 6 1.26 1.24 156.8 1.59 201.00 12.12 1532.13 3.57 451.29 
CHIP 7 1.32 1.26 166.9 1.71 226.53 11.44 1515.53 3.41 451.74 
CHIP 8 0.26 1.21 32.0 1.66 43.95 14.85 393.20 3.56 94.26 
TOTAL kg ha'^ 5.26 1.38 0.73 1.81 0.95 14.05 7.39 4.39 2.31 
CHIM 1 0.03 0.58 1.9 0.90 2.98 17.84 58.98 2.98 9.85 
CHIM 2 0.06 0.63 4.0 1.01 6.47 30.88 197.71 3.14 20.10 
CHIM 3 0.39 1.01 39.5 1.33 51.99 12.63 493.75 4.31 168.49 
CHIM 4 0.63 1.11 69.6 1.43 89.71 15.05 944.19 3.81 239.03 
CHIM 5 1.29 0.99 128.1 1.30 168.19 12.30 1591.30 3.37 435.99 
CHIM 6 1.11 1.11 123.7 1.36 151.54 12.86 1432.91 3.08 343.19 
CHIM 7 1.00 1.28 128.6 1.62 162.74 9.45 949.34 2.74 275.26 
TOTAL kg ha"' 4.53 1.09 0.50 1.40 0.63 12.52 5.67 3.29 1.49 
CLBP 1 0.05 5.64 26.6 7.56 35.65 63.52 299.56 30.68 144.69 
CLBP 2 0.26 4.69 123.9 6.01 158.72 42.48 1121.84 22.86 603.70 
CLBP 3 0.92 3.99 367.1 5.13 471.99 29.08 2675.53 15.44 1420.57 
CLBP 4 0.98 3.29 323.9 4.05 398.68 24.34 2395.99 12.72 1252.14 
CLBP 5 1.42 2.96 420.0 3.55 503.75 22.78 3232.54 10.88 1543.90 
CLBP 6 1.40 2.62 366.3 3.21 448.73 15.34 2144.40 8.24 1151.88 
CLBP 7 1.46 2.44 356.9 2.82 412.48 10.07 1472.92 5.77 843.97 
CLBP 8 1.29 2.23 286.8 2.67 343.44 11.15 1434.21 5.71 734.47 
TOTAL kg ha'^ 7.78 2.92 2.27 3.56 2.77 18.99 14.78 9.89 7.70 
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Table A-3. (continued) 
Flow DP DP TDP TDP TP TP BAP BAP 
PLOT Sample cm mg L'^ g ha"^ mg L'^ g ha'^ mgL"' gha*^ mg L'^ gha'^ 
CLBM 1 0.03 0.67 2.1 1.00 3.16 23.08 72.92 4.24 13.40 
CLBM 2 0.15 1.03 15.3 1.40 20.84 16.21 241.29 3.79 56.42 
CLBM 3 0.61 1.25 76.2 1.43 87.19 10.41 634.68 3.63 221.32 
CLBM 4 0.76 1.11 84.1 1.18 89.41 9.55 723.59 3.04 230.34 
CLBM 5 1.23 1.04 127.5 1.18 144.64 8.57 1050.50 2.74 335.86 
CLBM 6 1.43 0.91 130.3 0.54 77.32 7.03 1006.58 2.45 350.80 
CLBM 7 2.19 0.88 193.1 1.01 221.59 7.60 1667.43 2.51 550.69 
TOTAL kg ha'^ 6.40 0.98 0.63 1.01 0.64 8.43 5.40 2.75 1.76 
CLIP 1 0.01 0.35 0.2 0.43 0.23 6.24 3.39 1.49 0.81 
CLIP 2 0.06 1.37 7.6 1.66 9.17 18.56 102.49 3.74 20.65 
CLIP 3 0.42 1.58 66.2 1.67 69.96 17.22 721.41 4.73 198.16 
CLIP 4 0.74 1.50 111.0 1.73 128.06 13.26 981.51 4.34 321.25 
CLIP 5 1.32 1.31 173.4 1.49 197.26 13.98 1850.80 3.83 507.05 
CLIP 6 1.37 1.18 162.2 1.13 155.29 27.10 3724.23 3.90 535.96 
CLIP 7 1.15 1.10 126.4 1.23 141.34 17.63 2025.84 3.12 358.52 
TOTAL kg ha"' 5.07 1.28 0.65 1.38 0.70 18.57 9.41 3.83 1.94 
CUM 1 0.04 0.62 2.3 0.71 2.69 6.54 24.75 1.83 6.93 
CUM 2 0.04 0.88 3.7 0.99 4.18 10.95 46.28 2.71 11.45 
CUM 3 0.31 0.98 30.8 1.08 33.96 12.90 405.59 3.02 94.95 
CUM 4 0.53 0.96 50.6 1.02 53.76 11.17 588.77 2.94 154.97 
CUM 5 1.21 0.89 107.4 1.00 120.71 8.36 1009.11 2.54 306.60 
CUM 6 1.36 0.88 119.6 1.03 139.95 12.73 1729.62 2.34 317.93 
CLIM* 7 0.50 0.70 35.0 0.85 42.47 8.00 399.73 2.00 99.93 
CUM* 8 1.24 0.70 86.8 0.85 105.42 8.00 992.15 2.00 248.04 
TOTAL kg ha'^ 5.23 0.83 0.44 0.96 0.50 9.94 5.20 2.37 1.24 
Footnote: Sample with asterisk indicate a missing sample, data were extrapolated 
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SAS program 
ANOVA using proc mixed. It plots the data according to type (manure vs fertilizer) 




input PLOT $ Flow TSS DP TDP TP DOP BAP PP BAPTP DPBAP; 
block = substr(plot, 1,1); 
rate = substr(plot,2,l); 
method =substr(plot,3,l); 
type = substr(plot,4,l); 
if type ="F" then typecode = 1; else typecode = 2; 
trt = substr(plot,2,3); 
proc print; 
proc sort; 
by rate method type trt; 
run; 
proc means; 
by rate method type trt; 
var FLOW TSS DP TDP TP DOP BAP PP BAPTP DPBAP typecode; 




plot TSS •typecode = $ trt; 
run; 
proc mixed Data = wat2; 
class block rate method type; 
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